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SAMPLE DETECTION AND ANALYSIS TECHNIQUES 
FOR JZECTROPHORETIC SEPARATION 

Richard I!. Falb, Kenneth E.  Hughes, 
and Thomas R. Powell 

This document is the f i n a l  repor t  on your program e n t i t l e d  "Sample 

Detection and Analysis Techniques f o r  Electrophoret ic  Separation". The pur- 

pose of t h i s  research program is t o  i den t i fy  and evaluate  methods f o r  detec- 

t i o n  of b io log ica l ly  derived substasces i n  an e lec t rophore t ic  o r  o ther  

separat ion device used i n  a space labqratory.  Previous in- f l igh t  demonstra- 

t ions  have indicated t h a t  e l ec t rophores !~  i n  space 's f e a s i b l e  and t h a t  sep- 

a r a t ion  is possible  without supporting meaia. In suhsequent space experiments, 

e lec t rophore t ic  separa t ion  of various b io logica l  agents w i l l  be  performed. 

During these experiments, i t  is des i rab le  t , ~  measure quan t i t a t i ve ly  the degree 

of separat ion of the  agents ,  t o  determine the performance limits of the  sepa- 

r a t i o n  methods, and t o  monitor the  progress of t he  separa t ion  i n  order  t o  t e l l  

when the  experiment should be terminated. 

In  addi t icn  t o  aonl tor ing  techniques s u i t a b l e  f o r  space experiments, 

i t  is a l s o  necessary i n  some cases t o  de t ec t  :he b io log ica l  agents i n  samples 

i n  a ground-based operation. For example, i n  a current  method under study, 

t he  separated sample w i l l  be quick-frozen and t ransported back t o  ea r th  f o r  

analysis .  Because of t he  nature of these frozen samples, spec ia l ized  analyt- 

i c a l  techniques w i l l  probably be e s s e n t i a l  t o  de t ec t  t he  separated zones. 

The de tec t ion  techniques which w i l l  be amenable t o  operat ion i n  the  

space laboratory a r e  subjec t  t o  a number of l imi t a t ions  including space, power, 

weight, f luid-handling problems, a;-d o ther  aspects  of operat ion i n  a zero-g 

environment. This study was undertaken t o  examine methods of de tec t ion  of 

b io log ica l  agents which would be p a r t i c u l a r l y  s u i t a b l e  f o r  space f l i g h t  oper- 

a t i on  and t o  describe and define any modifications of e x i s t i n g  techniques which 

would be required. 



In  t h i s  report ,  we have reviewed and se lec ted  appropriate  ana ly t i ca l  

techniques and have described t h e i r  p r inc i? les  of operation. We have a l s o  

analyzed commercially ava i lab le  equipment with respect  t o  severa l  performance 

cha rac t e r i s t i c s .  The information contained i n  t h i s  repor t  is designed p r i -  

marily t o  serve a s  a handbook f o r  researchers  involved i n  NASA's space l i o -  

l og ica l  processing program. Hopefully, the  researcher  could determine from 

t h i s  report  the  b e s t  methods of de tec t ing  any given b io log ica l  candidate 

mater ia l  of i n t e r e s t  t o  him. The explanations of the  pr inc ip les  of operat ion 

and evaluat ion of the  devices a r e  simple and s t r a i g h t  forward. A se r ious  

attempt has  been made t o  avoid complicated technica l  language. Thus, t h i s  

repor t  is not  designed t o  explain i n  d e t a i l  t he  f i n e r  po in ts  of any of the  

a n a l y t i c a l  methods, but  is  designed t o  acquaint the  s c i e n t i s t  with broad, 

general p r inc ip les .  Included i n  the  report  a r e  a number of suggestions of 

modifications of e x i s t i n g  instruments which could be made t o  enable more 

f a c i l e  de tec t ion  of t he  b io logica l  candidate mater ia l s  i n  space. We have 

contacted a l a rge  number of instrument manufacturers and they have ind ica ted  

t h e i r  general wil l ingness  t o  work with NASA i n  any wzy possible  t o  adapt t h e i r  

ins t runents  t o  NASA's needs. 

OBJECTIVES 

A s  s t a t e d  i n  the  Introduction, the  primary ab jec t ive  of t h i s  pro- 

gram is t o  review ava i lab le  ana lv+ica l  techninues f o r  detect ion of biologi-  

c a l  candidates.  To obta in  t h i s  ove ra l l  ob jec t ive ,  our cont rac t  with NASA 

has spec i f i ed  the following tasks.  

Task 1: Suggested c lasses  of b io logica ls  and a l ist  of 
s p e c i f i c  candidates of high i n t e r e s t  t o  researchers  s h a l l  
be provided t o  the  contractor  by NASA. Established quanti- 
t a t i v e  assay techniques t h a t  have proven t o  bc the  most 
s e n s i t i v e  f o r  each c l a s s  of candidates s h a l l  be l i s t e d  by 
the contractor.  The contractor  s h a l l  supplement t h i s  list 
with advanced assay techniques derived from l i t e r a t u r e  
surveys and contact with s c i e n t i f i c  personnel. 



Task 2: For each technique c i t e d  i n  Task 1, a de t a i l ed  
technical  explanation s h a l l  be given t o  how the technique 
operates.  This explanation w i l l  dea l  pr imari ly  with the 
technique employed, r a t h e r  than the hardware, and the  
unique qua l i t y  of the candidate which makes the technique 
spec i f i c .  Spec i f i c i t y ,  quant i ty ,  qua l i t y ,  and s t a t e  of 
the  candidate s h a l l  be discussed i n  r e l a t i o n  t o  t he  tech- 
nique. 

Task 3: For each technique described i n  Task 1, the  
contractor  s h a l l  l ist and descr ibe c o m e r c i a l l y  ava i l ab l e  
hardware, t h e i r  vendors, and cost.  The equipment l i s t e d  
s h a l l  be from a var ie ty  of manufacturers. The contractor  
s h a l l  descr ibe and cross  reference the  technica l  discussion 
of Task 2 with each s p e c i f i c  instrument. The cont rac tor  
s h a l l  discuss  the  complexity of operation, s e n s i t i v i t y ,  
ranges, weight, volume, and power requirements of the  c o w  
mercial equipment. R e l i a b i l i t y  of each u n i t  s h a l l  be 
assessed by contacting a t  l e a s t  th ree  users  operat ing the 
s p e c i f i c  hardware under f i e l d  conditions.  The names, 
addresses,  and phone numbers of persons consulted s h a l l  be 
l i s t e d  along with hob7 long the instrument has been i n  use. 

Task 4: A summary evaluat ion s h a l l  be given by the  contractor .  
It s h a l l  rank, i n  descending order ,  assay equipment and tech- 
niques most compatible with spacecraf t  operations.  The ranking 
w i l l  consider small sample s i z e  and concentration, equipment 
s e n s i t i v i t y  and r e l i a b i l i t y ,  a v a i l a b i l i t y ,  hardware modifica- 
t i o n  requirements, and o ther  manned spacecraf t  cons t r a in t s  i n  
assessing space compatibili ty.  Additional advanced techniques 
and equipment s h a l l  be discussed and compared with those tech- 
niques now being used. 

The next s ec t ion  of the report  ou t l i nes  the  methods of procedure 

adopted by B a t t e l l e  i n  f u l f i l l i n g  these tasks.  



METHODS OF PROCEDURE - 

A t  the  outse t  of t h i s  research program, a meeting was he ld  at 

Marshall Space F l ight  Center with representat ives  of NASA and B a t t e l l e  t o  

discuss  the object ives  and conduct of the research program. Present f o r  

B a t t e l l e  a t  the  meeting were D r .  David Marshall*, P r inc ipa l  Inves t iga tor ,  

and D r .  Richard D. Falb, Co-Investigator. A list of p o t e n t i a l  b io logica l  

candidates of i n t e r e s t  t o  NASA f o r  space separat ion technjques was pre- 

sented by NASA and discussed i n  d e t a i l .  It was emphasized at t h a t  time 

t h a t  we should review detect ion techniques f o r  a very broad range of bio- 

l o g i c a l  agents and not be confined t o  the s p e c i f i c  candidates discussed a t  

t he  meeting. The b io log ica l  candidates ranged from pro te ins  and polynucleic 

ac ids  up through various kinds of c e l l s .  Pa r t i cu l a r  emphasis was placed 

upon electrophoresis  of c e l l u l a r  p a r t i c l e s  s ince  a zero-g environment has 

c e r t a i n  advantages f o r  t h i s  technique. The three  prime b io log ica l  candidates 

which were discussed with us a t  the  meeting were B and T lymphocytes, cu l tured-  
- 

Lidne;. ( . e l l s ,  and aldehyde-fixed red c e l l s .  It was a l s o  emphasized a t  the meet- 

i ng  t h a t  t he  scope of the  pro jec t  should include, bu t  not  be l imi ted  to ,  

e lectrophoresis .  We were in s t ruc t ed  t o  examine de tec t ion  techniques f o r  sepa- 

r a t i o n  processes i n  general. 

Based upon the  i n i t i a l  meeting with NASA and t he  tasks  out l ined i n  

our  cont rac t ,  we then devised methods of procedure a s  described i n  the  follow- 

ing  sec t ions .  

L i t e r a tu re  Searches on Separation Processes 

A s  a f i r s t  s t e p  i n  reviewing de tec t ion  techniques which were relevant 

t o  t he  object ives  of t h i s  program, w e  conducted seve ra l  automated l i t e r a t u r e  

searches which were focused pr imari ly  on c e l l  separat ion techniques. The 

* D r .  Marshall l e f t  B a t t e l l e ' s  employ i n  June, 1974, and was replaced by 
D r .  Falb as Pr inc ipa l  Inves t iga tor .  



l i t e r a t u r e  on separat ion techniques served a s  a good source f o r  ana ly t i ca l  

techniques because the  v a s t  majority of t he  references obtained described 

ana ly t i ca l  tect.niques a s  we l l  a s  separat ion processes.  B a t t e l l e  has 

access t o  severa l  automated l i t e r a t u r e  search se rv i ces  and these  were 

u t i l i z e d  by referencing c e r t a i n  key words al-' topics .  I n  o rde r  t o  obta in  

as broad a base of information as possible ,  s eve ra l  d i f f e r en t  sources were 

u t i l i z e d  f o r  l i t e r a t u r e  searches. I n  addi t ion,  a varieey of key words and 

to?ics  were wed .  Table 1 summarizes t h e  automated searches t h a t  were con- 

ducted and the  key words and topics  used i n  the  searches.  

TABLE 1. AUTOMATED (MACHINE) LITERATUPiE SEARCHES 

Ci ta t ions  
Reported (Uti l ized)  

(1) Medline 30 3 (95) 
(a) Separation of lymphocytes by e lec t rophores i s  
(b) Detection of e lectrophoresis  
(c) Separation of lymphocytes and kidney c e l l s  
(d) Separation of c a r r i e r  pro te ins  

(2) CIRC-I1  Database 900 
(a)  Separation of lymphocytes, o r  kidney c e l l s ,  

o r  pro te ins  
(b) Electrophoresis,  isotachophore~*is ,  and 

elcctroosmosis 

(3) Engineering Index 
(a) Electrophoret ic  separat ion techniqnes 

(4) Chemcon 
(a) Electrophoresis techniques 

(5) Nuclear 3cience Abstracts 
(a)  Electrophorer ic  separat ion 

(6) Defense Documentation Center 
(a )  Detection, e lec t rophores i s  
(b) Electrophoresis 

(7) NASA RECON 126 (15) 
(a )  Electrophoret ic  separat ion 
(b ) P a r t i c l e  Separation Tcl.:tmiques - - 

Total  1,876 (187) 



As can be seen from the t ab l e ,  seven d i f f e r e n t  autometed searches 

were performed and these yielded a t o t a l  of 1,876 c i t a t i ons .  These c i t a -  

t i ons  contained information on the key words i n  the a r t i c l e s ,  t h e  authors '  

names, t he  t i t l e  of the  a r t i c l e ,  and the  reference. 

In  addi t ion  t o  t hc  automated l i t e r a t u r e  searches,  we a l p 9  manu- 

a l l y  reviewed seve ra l  journals  a s  a source of current  information. The 

journals  which were reviewed a r e  a s  follows. 

Separation Science - 
Analyt ical  Chemistry 
Review of S c i e n t i f i c  Instruments 
Instruments and Control Svstems 
Analyt ical  Biochemistry 
Science 
C l in i ca l  Chemistry 

In  addi t ion,  background information on th t  ? r inc ip les  of operation 

of t he  various detect ion techniques was obtained from severa l  published tear 

These books w i l l  be referenced i n  the  bibliography. 

A f i n a l  source of information from the  l i t e r a t u r e  was obtained from 

t r ade  journals and publ icat ions by manufacturers of various instruments. 

Quite of ten  these l a t e r  publ icat ions contained exce l len t  descr ipt ions of the 

p r inc ip l e s  upon which the devices operate.  

Analysis of .L i te ra ture  Searches 

A s  a r e s u l t  of the  automated and manual l i t e r a t u r e  searches,  a very 

l a r g e  volume of po ten t i a l l y  ,relevant information w a s  obtained. The next t a sk  

i n  t he  program was t o  analyze the  sources of information, t o  s o r t  out those 

which were re levant ,  and t o  abs t r ac t  the necessary information. The c i t a t i o n s  

from the automated searches were reviewed, and on the  bas i s  of t i t l e ,  key 

words, and information contained i n  abs t r ac t s ,  a number of references were 

se l ec t ed  f o r  f u r t h e r  study. Similar ly,  references obtained from the manual 

l i t e r a t u r e  searches were reviewed and relevant  a r t i c l e s  selected.  



Copies of t he  a r t i c l e s  se lec ted  a f t e r  the f i r s t  review were then 

obtained f o r  fu r the r  analysis .  In  order  t o  e f f i c i e n t l y  u t f l i z e  the infor -  

mation i n  each of these papere, an information r e t r i e v a l  syotem was s e t  up. 

This system was designed t o  enable us t o  co r r e l a t e  a l a rge  volume of infor-  

mation f o r  u t i l i z a t i o n  i n  our  l a t e r  surveys. The f i r s t  s t e p  i n  the  r e t r i e v a l  

system w a s  a bibliography worksheet* which was designed f o r  the  purpose of 

providing a convenient method of abs t rac t ing  and categorizing information. 

Each of the  a r t i c l e s  was carefu l ly  read and the information r e l a t i n g  t o  the 

detect ion method, assay technique, substance separated, supporting medium, 

and o ther  information deemed important was abs t rac ted  on t h i s  worksheet. 

As a second s t ep ,  a cross-referencing system was s e t  up t o  enable 

compilation of informatj-sz Zrom severa l  X f f e r e n t  bases. In  addi t ion  t o  

the  f i r s t  author,  each of the  a r t i c l e s  was cross-referenced with respect  t o  

(1) coauthor, (2)  detect ion and assay technique, (3) p a r t i c l e  separated o r  

analyzed, and (4) authors '  af ' ' l i a t ion .  This cross-referencing system 

enabled one t o  quickly scan the relevant  work by one p a r t i c a l a r  author o r  

t o  quickly r e t r i e v e  information on any p a r t i c u l a r  detect ion o r  separat ion 

technique. 

C la s s i f i ca t ion  of Detection Methods 

A s  a t h i r d  s t e p  i n  our work on t h i s  program, a general review of 

detect ion and ana ly t i ca l  techniques was made. The sources f o r  the  review were 

information obtained from the l i t e r a t u r e  searches and severa l  compilations of 

ana ly t ica l  ;rrethods ava i lab le  i n  the  current  l i t e r a t u r e .  From these  sources,  

an ove ra l l  c l a s s i f i c a t i o n  of ana ly t i ca l  techniques was developed. A s~tmmary 

of these techniques is  contained i n  Table 2. 

I n  t he  f i r s t  category, primary methofir were defined a s  a n a l y t i c a l  

techniques based d i r e c t l y  upon a given physical pr inc ip le .  Secondary tech- 

niques were c l a s s i f i e d  a s  those which employed some physical  p r inc ip l e  t o  

* A sample copy of a b ib l iograpb-  worksheet is  contained i n  Appendix A. 



TABLE 2. CLASSIFICATION OF DETECTION METHODS 

Primary Detection Methods 

I. Photometric 
A. Absorptive 

1. Infrared 
2. Visible 
3. Ultraviolet 
4. Atomic adsorption 

B. Refractive 
1. Light scattering 
2. Nephelomet ry 
3. Pulsed laser scattering 
4. Interferometry 
5 .  Refractometry 

C. Emissive 
1. Fluo rome t ry 
2. Phgsphorimetry 
3. Emission spectrography 

D. Polarimetric 
1. Optical rotary dispersion 
2. Circular dichroism 
3. Polarimet ry 

11. Electrometric 
A. Potentiometry 
B. Conductimetry 
C. Coulometry 
D. Flame ionization 
E. Polarography 

111. Radiometric 
A. Scintillation photometry 
B. Autoradiography 
C.  bet^ absorption 
D. Mossbauer spectroscopy 
E. Direct radiation counting 
F. Neutron activation 

IV. Thermometric 
A. Themconductivity 
B. Microcalorimetry 
C. Differential thermal analysis 
D. Differential scanning calorimetry 
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TABLE 2. (continued) 

V. Magnetic 
A. Nuclear magnetic resonance 
B. Electron s p i n  resonance 

VI .  Ul trasonic 

Secondary Techniques - 
I. Light microscopy 

A. Manual 
1. Light f i e l d  
2. Dark f i e l d  
3. Fluorescence 

B. Pa t te rn  recognition computer 

11. Electron microscopy 

111. P a r t i c l e  counting 
A. Optical  

1. Flow-through (photometry) 
2. S t a t i c  ( l i g h t  microscopy) 

B. Electro-conductimetric 

IV.  Photography 

V. Image enhancement techniques 

Spec i f ic  Detection Methods 

I. I m u n o l ~ g i c a l l y  based 
A. Immunof luorescence 
B. Radioinmntnoassay 
C. Agglutination 

11. Enzymatically based 
A. Chromogenic subs t r a t e s  
B. ATP photoluminescence 
C. Fluorogenic subs t r a t e s  



produce an image which was then f u r t h e r  analyzed. I n  t h i s  category, micro- 

scopic and photographic techniques played an important ro le .  The t h i r d  

c l a s s i f i c a t i o n  of techniques was those which depended upon a s p e c i f i c  bio- 

l o g i c a l  reac t ion  t o  de tec t  p a r t i c l e s .  In  t h i s  category a r e  piaced i m - n o -  

l o g i c a l  and enzyme react ions.  

The sheer  volume of the  techniques i n  t h i s  summary made it essen- 

t i a l  t h a t  we apply evaluat ive c r i t e r i a  f o r  s e - . z t i o n  of optimum techniques 

f a i r l y  ea r ly  i n  the  research program. Accordingly, the primary c r i t e r i o n  

f o r  s e l ec t ion  of appropriate  techniques w a s  based upon the  type of informa- 

t i o n  obtained by the  technique. I f  t he  information obtained r e l a t e d  pr imari ly  

t o  t h e  molecular o r  subce l lu la r  s t r u c t u r e  of the  b io log ica l  mater ia l  r a the r  

than i ts concentration, the  method was eliminated from f u r t h e r  consideration. 

Techniques such a s  nuclear  magnetic resonants, Raman spectrometry, e l ec t ron  

s p i n  resonance, Mossbauer spectrometry, d i f f e r e n t i a l  thermal ana lys i s ,  circu- 

lar Gichroism, o p t i c a l  ro ta ry  dispersion,  and d i f f e r e n t i a l  scanning ca lor i -  

metry were eliminated from considerat ion because these techniques give p r i -  

marily information on molecular o r  c e l l u l a r  s t ruc tu re .  

A second c r i t e r i o n  f o r  t he  inc lus ion  of techniques was t h e i r  general  

a p p l i c a b i l i t y  t o  b io logica l  molecules. The range of p a r t i c l e s  under consider- 

a t i o n  begins with pro te ins  a s  t he  lower limit of s i z e  and goes up t o  la rge  

c e l l s  20 microns i n  diameter. These substances a r e  dissolved o r  suspended i n  

a buffered aqueous medium and must remain i n  t h i s  medium during the  analysis .  

Thus, detec t ion  methods f o r  the gas phase, such a s  flame ioniza t ion  and thermal 

conductivity,  were eliminated. Similar ly,  techniques which de t ec t  only ele-  

ments, such as flame and emission spectrometry, and atomic adsorption, were 

el iminated from consideration. The c r i t e r i o n  of broad a p p l i c a b i l i t y  el im- 

ina ted  such methods a s  amperiometric t i t r a t i o n  and polarography. 

A f i n a l  c r i t e r i o n  f o r  s e l ec t ion  of techniques was the  s e n s i t i v i t y  with 

which chese techniques could de tec t  bi.ologica1 agents. A number of these tech- 

niques eliminated by the  c r i t e r i a  s t a t e d  above required f a i r l y  concentrated 

samples and thus were eliminated f o r  low s e n s i t i v i t y .  A l i s t i n g  of those 

methods chosen f o r  fu r the r  analysis  is shown i n  Table 3.  
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TABLE 3. REVISED LIST OF DETECTION METHODS 

Primary Detection Methods 

I. Photowtric 
A. Absorptive (transmitted or reflected light) 

1. Infrared 
2. Visible 
3. Ultraviolet 

B . Refractive 
1. Forward light scattering 
2. Nephelometry (side scattering) 
3. Ref ractometry 

C. Emissive 
1. Fluorimetry 
2. Phosphorimtry 

D. Polarimetric 

11. Electrometric 
A. Potentiometry 
B. Conductimetry 

111. Radiometric 
A. Scintillation photometry 
B. Gamma ray spectrometry 
C. X-ray fluorescence 
D. Beta absorption 

IV. Microcalorimetry 

V. Ultrasonic 

Secondary Methods 

I. Multiparameter cell analysis 

11. Automated image analysis 

111. Particle counting 
A. Optical. 
B. Electro-conductimetric (Coulter method) 

IV. Photography 

V. Light microscopy 
-, 



TABLE 3. (continued) 

Specific Methods 

I. Innmmologically based 
A. Innnunof lwrescence 
B . Agglutination 

11. Enzymatically based 
A. Chromogenic (color-generating) substrates 
B. ATP photometry 



After  the  f i n a l  list shown i n  Table 3 w a s  assembled, an ana lys is  

of the detect ion methods used f o r  b io logica l  p a r t i c l e  de tec t ion  i n  t he  

l i t e r a c u r e  references was made. A summary of t h e  c i t a t i o n s  is shown i n  

Table 4. 

TABLE 4. LITERATURE CITATIONS OF DETECTION TECHNIQUES 

Assay Technique No. of C i t a t i ons  

T. Primary methods 
Visible  l i g h t  absorpt ion 
Fluorometry 
W l i g h t  absorption 
Light s c a t t e r i n g  
Autoradiography 
Inf rared  l i g h t  absorption 
Raman spectrcscopy 
Ultrasonics  absorption 
Nephelome t r y  
Polarimetry 
Po tentiometry 
Conductimetry 
S c i n t i l l a t i o n  photometry 
Light r e f l e c t i o n  
Thermoconduct i v i t y  
Phosphorometry 
Mossbauer spectroscopy 

11. Secondary methods 
Electro-conductimetric p a r t i c l e  counting 

(Coulter method) 
Flcw-through o p t i c a l  p a r t i c l e  counting 
Light f i e l d  m.icroscopy 
Pa t t e rn  recognition computer 
Photography 
Fluorescence microscopy 
Electron microscopy 
Dark f i e l d  and phase cont ras t  microscopy 
Manual p a r t i c l e  counting (microscopic) 

111. Speci f ic  methods 
I ~ o f l u o r e s c n e c e  
Radioimunoassay 
Enzymatic react ions 



Another very impcrtant aspect i n  evaluat ing a l l  of t he  ana ly t i ca l  

techniques w a s  t h e  method of i n t e r f ace  with the  separat ion system. We de- 

f i ned  the  following three  ways i n  which the  de tec t ion  methods would in t e r -  

face. 

(1) I n  s i t u  de tec t ion  

(2) Real-time e l u a t e  ana lys is  (flow c e l l )  

(3) Discre te  sample analysis .  

By i n  s i t u  detect ion,  we mean a method capable of de tec t ing  the bio- 

l o g i c a l  agents wi th in  the  separat ion device i t s e l f .  For example, i n  the 

e lec t rophore t ic  separat ion of various types of red blood c e l l s ,  an i n  s i t u  

de tec t ion  device would de tec t  t he  various bands during the  course of the  

separat ion.  This f i r s t  category of techniques would be valuable f o r  in- 

f l i g h t  evaluat ion of the  separat ion system. 

The second category of detect ion systems would d i r e c t l y  monitor 

t he  e l u a t e  from a separa t ion  device by a photocel l .  For example, i n  a 

contfnuous-flow e lec t rophores i s  system, f l o w  c e l l s  could be mounted on the  

output tubes t o  de tec t  the  concentration of t he  separated p a r t i c l e s .  

I n  t he  t h i r d  type of i n t e r f ace  of the  de tec t ion  system with the 

separa t ion  device, d i s c r e t e  samples would be taken from t h e  e l u a t e  and ana- 

lyzed individual ly.  This t h i r d  type, of course, would represent  t he  most 

remote in t e r f ace  with the  separat ion device. 

The ana ly t i ca l  techniques which were chosen f o r  fu r the r  de t a i l ed  

study were evaluated according t o  the  th ree  above c r i t e r i a .  A number of t he  

techniques could i n t e r f a c e  i n  a l l  th ree  of the  above mdes  while  o thers  were 

l imi ted  t o  only one. In  t he  evaluat ive data  presented i n  a l a t e r  sec t ion  of 

t h i s  repor t ,  the  i n t e r f ac ing  modes a r e  discussed i n  g rea t e r  d e t a i l .  



Interviews with Researchers 
and Instrument Manufacturers 

A fu r the r  source of information on the  most recent  developments 

i n  ana ly t i ca l  instrumentation was interviews with ind iv idua l  researchers  

and development groups of instrument manufacturers. A compilation of these 

v i s i t s  i s  shown i n  Table 5. I n  general,  v i s i t s  were made t o  discuss  s t a t e -  

of-the-art developments which were not y e t  f u l l y  described i n  the  ava i lab le  

l i t e r a t a r e .  

I n  t he  v i s i t  with D r .  Victor Hanson, use of an o p t i c a l  microscope 

t o  v i sua l ly  de t ec t  red-cel l  migration i n  an e l e c t r i c  f i e l d  was discussed. 

D r .  Hanson f e e l s  t h a t  t h i s  method should be appl icable  t o  a space e lec t ro-  

phoresis experiment. 

Several o p t i c a l  scanning systems f o r  quan t i t a t i on  of pro te ins  i n  

g e l  columns were discussed with D r .  Gary kckers a t  t he  University of Virginia .  

An interview was held with D r .  Grant Barlow of Abbott Laboratories 

on the  top ic  of e lec t rophore t ic  separa t ion  of kidney c e l l s .  D r .  Barlow 

explained t h a t  o ~ l y  5 percent of t he  kidney c e l l s  i n  h i s  cu l tu re  system 

produced urok:inaggg and t h a t  he was inves t iga t ing  whether these c e l l s  could 

be  separated fro? the  i n a c t i v e  c e l l s  by an e l ec t rophore t i c  separa t ion  process 

i n  space. In  t h i s  separa t ion ,  the following requirements should be met. 

(1) The c e l l s  must be v i ab le  and capable of f u r t h e r  
cu l ture .  

(2) The c e l l s  must be  recovered i n  good y i e ld .  

(3) S t , e r i l i t y  must be maintained. 
7 In a typica1.separat ion experiment, 10 c e l l s  w i l l  be placed i n  

the  electrophoresis  device. Af te r  separat ion,  t he  e n t i r e  contents of the  elec- 

t rophoresis  c e l l  w i l l  b e  frozen. Because the  sample w i l l  be  i n  a frozen s t a t e ,  

D r .  Barlow f e l t  t h a t  de tec t ion  of the c e l l s  would be extremely d i f f i c u l t .  

A v i s i t  was made i n  Ju ly  t o  D r .  Milan Bier and h i s  assoc ia te ,  

M r .  J.O.N. Hinckley , a t  the Veterans Administration Hospital  i n  Tucson, 

Arizona. D r .  Bier discussed h i s  development of continuous-flow systems 



TABLE 5 .  INTFKVZEWS WITH RESEARCHERS AND INSTRUMENT DEVELOPERS 

- 
Topics 

(1) Victor Hanson Detection methods based on 
FJpstate Medical Center optical microscopy 
Syracuse, New York 

(2) Gary Ackers 
University of Virginia 

Optical scanning systems for 
proteins in gel colu~nns 

(3) Grant Barlow Electrophoretic separation of 
Abbott Laboratories kidney cells 
North Chicago, Illinois 

(4) J.O.N. Hinckley 
Milan Bier 
University of Arizona 

Electrophoretic separation and 
detection systems 

( 5 )  C. J. van Oss Fluorescent microscopic detection 
P. E. Bigazzi of lymphocytes 
University of New York at Buffalo 

(6) Allen Strickler 
Beckman Instruments 
Anaheim, California 

Methods of detection for continuous-flow 
electrophoresis 

(7) M. J. Fulwyler Automated multiparameter cell detection 
P. F. Mullaney and differentiation 
J. A. Steidcamp 
L. S. Cram 
J. M. Crowell 
C. C. Salzman 
Los Alamos Scientific Laboratory 
Los Alamos, New Mexico 

(8) A.S.C.A.P. Exhibition Automated image analyzing system 
Various instrument developers 
Gerhard Megla - Coming Instruments 
Rod Hilton - Scientific Products 
Melvin Miller - Geometric Data 
+ 20 other mfg. reps. 

Analytical instruments in general (9) Pittsburgh Conference on 
Analytical Chemistry and 
Applied Spectroscopy 

'50 mfg. reps. 



applied t o  electrophoresis ,  isotachophoresis,  and i s o e l e c t r i c  focusing. 

D r .  Bier a l s o  discussed methods of detect ion of b io log ica l  agents a s  they 

were e lu ted  from h i s  e lectrophoresis  devices. For pro te ins ,  he uses a W 

flow c e l l  which he f e e l s  has s u f f i c i e n t  s ens i t i - r i t y  f o r  h i s  purposes. For 

detect ion of c e l l s ,  D r .  Bier recommends a chromogenic s u b s t r s t e  which is 

mixed with the  e f f luen t  strea-1 and produces a color  i n  t he  c e l l s  by v i r t u e  

of enzymatic a c t i v i t y .  He a l s o  recommends turbidimetrfc  methods of ana lys is .  

I n  September a v i s i t  was made t o  Drs. C. J. van O s s  and P. E. 

Bigazzi a t  the S t a t e  University of New York a t  Buffalo t o  discuss  e lec t ro-  

phore t ic  separat ion of lymphocytes. D r .  van O s s  is cur ren t ly  separa t ing  B 

and T lymphocytes on an e lec t rophores i s  device i n  which the  c e l l s  migrate 

upwards through a small  column. AS the c e l l s  reach the  top of t he  column, 

they a r e  asp i ra ted  and subsequently analyzed by incubation with f luoroscein 

isothiocyanate-conjugated rabbi t  antihuman immunoglobulin. Cel l s  containing 

inimunoglobulins on the  sur faces  bind the  f luoroscein conjugate and can be 

detected i n  a W microscope. D r .  van O s s  pointed out t h a t  i f  enough c e l l s  

were used i n  t he  experiment, the  separat ion zones were v i s i b l e  t o  the naked 

eye. 

We discuss,ed with D r .  van O s s  the p o s s i b i l i t y  of incubating the 

c e l l s  with the f lu~roscein-conjugated antibody before the separa t ion  process 

s o  t h a t  the  5,eparation could be followed i n  s i t u  by fluorimetry. D r .  van O s s  

f e l t  t h a t  the  fluo%escent antibody: may a l t e r  the  e l ec t rophore t i c  mobili ty of 

the  B c e l l s .  

We a l s o  syggested l a b e l l i n g  with 51~r  and de tec t ing  the separated 
.'? 

bands with a gamma detector .  D r ;  van Oss was not  fami l ia r  with chromiunr 

l a b e l l i n g  techniques bu t  f e l t  they might a£ f  e c t  c e l l  v i a b i l i t y .  

M r .  Allen S t r i c k l e r  of Beckman Instruments i n  Anaheim, Cal i forn ia ,  

was interviewed t o  discuss  detect ion systems f o r  the  e lec t rophores i s  equipment 

being deve1o;ed by Beckman. He was extremely he lp fu l  i n  t h i s  discussion and 

suggested severa l  ways t h a t  b io log ica l  mater ia l s  could be detected wlthin the 

e lec t rophores i s  c e l l .  He pointed out t h a t  the e lec t rophores i s  c e l l  developed 



by him possesses a window a t  s space j u s t  p r i o r  t o  the  co l l ec t ion  tubes. 

This window allows any number of detect ion methods including photography, 

UV absorption, v i s i b l e  absorption, and l t g h t  s c a t t e r i n g ,  On the  current  

model of t h i s  device, a cross-section i l luminator  is provided. The o p t i c a l  

arrangement forms a t h i n  blade of l i g h t  which t r ave r se s  the  ca l ib ra t ed  window. 

P a r t i c l e s  i n  t h i s  window s c a t t e r  the l i g h t  and can be detected v i sua l ly  o r  

by a photographic process. Subszquent t o  our v i s i t ,  s eve ra l  telephone con- 

versa t ions  were held with D r .  S t r i ck l e r .  Beckman Instrcments has a diverse 

backgrou~d i n  biomedical and process ana lys is  instruments including Schl ieren 

op t i c s ,  in f ra red ,  u l t r a v i o l e t ,  and v i s i b l e  range spectrophotometry , radio- 

a c t i v i t y  counting, fluorimetry, and various in tegra ted  computer systems 

appl ied t o  instrumentation. 

One of the  most productive v i s i t s  i n  t h i s  program was held a t  

Lo6 A l m s  S c i e n t i f i c  Laboratory i n  Los Alamos, New Mexico. Discussions 

were held with the  persons i d e n t i f i e d  i n  Table 5 on automated multiparameter 

c e l l  de tec t ion  and d i f f e ren t i a t i on .  This group has developed a technique 

f o r  c e l l  ana lys i s  (described i n  a l a t e r  sec t ion  of t h i s  repor t )  which should 

be extremely valuable t o  t he  NASA program. In t h i s  system, a suspension of 

c e l l s  passes through a de tec t ion  chamber which simultaneously employs seve ra l  

methods of analysis .  Cel ls  pass through i.n such a way t h a t  each c e l l  is ana- 

lyzed Individual ly.  The methods of ana lys is  include forward l i g h t  s c a t t e r i n g  

and two wavelengths of fluorescence detect ion.  In tegra t ion  of these methods 

enables information t o  be derived on the  s i z e ,  shape, and nuclear  s t ruc tu re  

of t h e  c e l l s .  This group is now working on a number of c e l l  analysis  systems 

including lymphocyte d i f f e r en t i a t i on ,  ana lys i s  of c e l l s  from PAP smears, and 

de tec t ion  of .virus- infected c e l l s .  The system can analyze c e l l s  rapidly up t o  
5 a r a t e  of 10 c e l l s  per  minute. 'Members of t h i s  group were in t e re s t ed  i n  t he  

object ives  of t h e  NASA program and en thus i a s t i ca l ly  ind ica ted  t h e i r  wil l ingness  

t o  apply t h e i r  techniques t o  analysis  of e lua t e s  from electrophoresis  devices. 



In  addi t ion t o  the  laboratory v i s i t s ,  members of t he  pro jec t  

team attended two lnstrumect shows being held i n  conjunction with scien- 

t i f i c  meetings. The f i r s t  of these  was the A.S.C.A.P. meeting i n  

Washington, D.C., on October 8, 1974. D r .  Gerhard Megla of Corning 

S c i e n t i f i c  Instruments discussed the  poss ib le  appl ica t ion  of t h e i r  

Leukocyte Automatic ~ e c o g n i t i o n  Computer (LARC) t o  the ana lys is  of c e l l  

separation, espec ia l ly  B and T ljmphocytes. The LARC cons i s t s  of f i v e  

small  modules and automatically prepares the  s l i d e s ,  appl ies  s t a i n ,  

focuses the microscope, rap id ly  scans, loca tes ,  records,  and c l a s s i f i e s  

s i x  types of white blood ce l l s .  The computer memory i d e n t i f i e s  c e l l s  by 

t h e i r  morphological q u a l i t i e s  such a s  nuclear  s i z e ,  shape, cytoplasm s i z e ,  

and color.  The machine can be programmed t o  i den t i fy  and c l a s s i f y  any type 

of c e l l  conbination. 

A s imi l a r  machine was a l s o  demonstrated by D r .  Melvin Mil ler  of 

Geometric Data Corporation. D r .  Mil ler  is present ly involved i n  t ry ing  t o  

i den t i fy  morphologic differences i n  lymphocytes. Based on da ta  gathered s o  

f a r ,  D r .  Mil ler  f e l t  there may be s i x  t o  e igh t  lymphocyte subcategories 

i d e n t i f i a b l e  by image analysis .  

The second meeting attended was the Pi t tsburgh Conference on Ana- 

l y t i c a l  Chemistry and Applied Spectroscopy. A t  t h i s  meeting, ana ly t i ca l  

instruments i n  general were reviewed and approximately 50 manufacturers' 

representa t ives  were interviewed. 

Select ion of Manufacturers 

The next successive s t e p  i n  our conduct of t h i s  research program 

was the  se l ec t ion  of manufacturers t o  be contacted f o r  information concerning 

t h e i r  respect ive detect ion devices.  In s e l e c t i n g  tbese manufacturers, an 

attempt was made t o  obtain representa t ives  from each of t he  detect ion methods 

out l ined  i n  Table 3. Several sources were used t o  obta in  manufacturers' 

names, addresses,  and range of products. The f i r s t  of these  sources was 



buyer guide d i r e c t o r i e s  and of these,  the following th ree  were t he  most 

he lp fu l  . 
(1) Guide t o  Scfen t i f  i c  Instruments (Science) 

(2) Medical E lec t ron ics  and Equipment News 
-uyuye ' Guide 

(3) Instrument and Control Systems Buyerst -- Gcide. 

I n  addi t ion  t o  buyers' guides,  advertisements of - -cments i n  

journa ls  reviewed f o r  t h e  program provided a source f o r  st:. 2 of manu- 

f ac turers .  

Several suggestions of  manufacturer^ were obtained from s c i e n t i f i c  

colleagues i n  our labora tor ies .  We a l s o  obtained information on manufacturers 

from a r t i c l e s  i n  t rade  journals  r e l a t i n g  t o  new a n a l y t i c a l  techniques. A 

f i n a l  source of manufacturers was the  l i t e r a t u r e  search. I n  s e v e r a l  of the  

a r t i c l e s ,  s p e c i f i c  instruments used i n  ana lys i s  of b io log i ca l  agents  were 

described. 

After  a list of 8ppropriate  manufacturers was compiled, a l e t t e r  

was w r i t t e n  t o  each of these  manufactilrers request ing s p e c i f i c  p&.oduct 

information on instruments of i n t e r e s t  t o  t h l s  program. In  t h i s  a-pect of 

t he  program, we contacted 148 manufacturers and received technica l  spec i f i -  

c a t i ons  on 271 instruments.  When the  product information was receives, it 

was ca re fu l ly  evaluated as  described l u  a succeeding sec t ion  and c i l e d  f o r  

fu tu re  reference. 

In  t he  s e l ec t i on  of manufacturers m d  instruments f o r  t h i s  survey, 

it  was impoeoible t o  review a l l  the  instruments ava i l ab l e  i n  any one category. 

We have made a se r ious  attempt t o  i den t i fy  instruments which a r e  representa- 

t i v e  of each p a r t i c u l a r  category and t o  be as  ob jec t ive  i n  nur s e l ec t i on  a s  

possible .  Omis3ions of c e r t a i n  instruments and manufacturers from our study 

does not  imply t h a t  t he  instruments a r e  not  s u i t a b l e  o r  unacceptable. 



Ilser Survey 

One of t h e  important tasks  on t h i s  iesearch program wa t o  estab- 

l i s h  the r e l i a b i l i t y ,  s e rv i ceab i l i t y ,  and u s a b i l i t y  of t he  var ious a n a l y t i c a l  

instruments.  A s  a source of inforination f o r  t h i s  assespment, users  of each 

of t he  instruments i d e n t i f i e d  by us were contacted and asked t o  provide 

information. 'fie following s t eps  were taken i n  organizing and implementing 

the  user  s--rvey. 

(1) The spec i f i ca t i ons  from t h e  product l Lterature  
from each of the instruments obtained f r c n  t h e  
var ious manufacturers were reviewed. From t h i s  
review, instrumeats of p o t e n t i a l  value t o  t h i s  
program were se lec ted .  

(2)  manufacturer^ of each of the s e l ec t ed  instruments 
were then contacted 2nd asked t~ prov3.de us with 
t he  names and addresses of users  of the  instruments.  

(3) A l e t t e r  was then w r i t t e n  t o  each of t he  users  
request ing t h a t  they f i l l  out  a sho r t  information 
form r e l a t i n g  t o  ti.e use,  r e l i a b i l i t y ,  accuracy, 
and complexity of opera t ioc  of each p a r t i c u l a r  
instrument.* 

(4) Kacy of t he  users  were contacted e i t h e r  personally 
sr by phone t o  request t h e i r  p a r t i c i p a t i o n  i n  t he  
p ro j ec t .  

( 5 )  Recults o f  t he  user  survey were analyzed hy a 
system described i n  the next s ec t i on .  

I n  the  course of t h i s  user  survey, we requested user  lists from 148 

manufacturers and received 100. Very o f t en ,  these  l ists were obtained 

through l o c a l  manufacturers' zepresentat ives .  From the  user  lists, contect  

was i n i t i a t e d  with 516 individuals .  A t  t h e  time of wr i t i ng  t h i s  r epo r t ,  

343 users  have completed a.id returned the  forms t o  us. In general., response 

t o  our quescionnaire was soruexhat spasmdic  nnd r ece ip t  of a completed 

quest ionnaire  o f t en  required phone c a l l s  and reminder letters. B e ~ a u s e  of 

thio r a t h e r  poor response, we da not have responses from th ree  ueers of each 

of t he  271ins t ruments  evaluated i n  t h i s  survey. However, most of t he  ins t ru-  

ments have responses from a t  l e a s t  two users .  

. x, * A copy ' b r  the  user  survey form is  included i n  Appendix A of t h i s  repor t .  



Analysis of Instruments 

As a culmination of a l l  the information-gathering work performed 

on t h i s  program, a comprehensive analysis  was made of each of the  analy t ica l  

instruments. The technical data obtained from the  manufacturers' l i t e r a t u r e  

and the  r e su l t s  of the user survey were used i n  t h i s  evaluative process. 

Because of the very large amount of data which were obtained from these 

sourc 3, a ;ystem fo r  data abstract ion and compilation was devised. For 

each instrument included i n  the  analysis ,  a commercial equipment worksheet 

was f i l l e d  out.* This equipment wcrksheet contained information on the power 

requirements, readout, s i z e ,  sens i t iv i ty ,  accuracy, resolut ion,  cample s t a t e ,  

and available accessories for  each instrument. It a l s o  contained any other 

miscellaneous information deemed relevant. 

Point-Rating System 

Bec-iuse of the  numerous c r i t e r i a  used i n  evaluation of each instru-  

m n t ,  it was necessary t o  devise a ~ u m e r i c a l  r a t ing  system a s  an evaluative 

tool. Such a system must, of necessity, be empirical and care must be taken 

so tha t  the r e l a t ive  values given t o  each of the parameters are  balanced. 

Developmat of t h i s  system required considerable del iberat ion and it  must be 

understood tha t  the numbers assigned should be regarded as evaluative tools  

and not as absolute values. The numerical ra t ing  system covers both physical 

fac tors  and performance factors .  Four basic physical fac tors  considered were 

cost,  power, volume, and weight. Point fac tors  were then empirically derived 

so  tha t  average specif icat ions resulted i n  approximately 10 points each. In 

order t o  nornalize each of these fac tors  and avoid having one fac tor  outweigh 

another, inverse fac tors  were used. For example, decreased weight would 

resu l t  i n  a higher point rat ing.  It was found necessary t o  take values t o  

the  fourth root t o  eliminate a wide and unrea l i s t i c  point spread. Table 6 

describes these equations. 
- - - 

* A copy of t h i s  wurksheet is included i n  Appendix A. 



TABLE 6. POINT-RATING SYSTEM'FOR PHYSICAL FACTORS 

. A.. 

Cost f ac to r  = (C = cos t  i n  U. S. do l l a r s )  

Power fac to r  = e (W = watts)  

~ o l u m e  f a c t o r  -7 m3 (m3 = cubic meters) 

Weight f a c t o r  = kg (kg = weight i n  kilcgrams) 

The numerical r a t i ngs  f o r  t he  performance f a c t o r s  were obtained 

from t h e  user  survey. The response t o  ob jec t ive  multiple-choice quest ions 

i n  t h e  u se r  survey form permitted numerical evaluat ion of t h e  com?arative 

r e l i a b i l i t y  of commercial i n s t r ~ m e n t s  and t h e i r  complexity of operat ion.  

Assignments of po in ts  were chosen according t o  t he  user  survey pro tocol  shown 

i n  Appendix A. Average r a t i ngs  were arranged t o  y i e l d  about 10 poin ts  i n  

each category. The r a t i ngs  of the  t h r ee  quest ions under r e l i a b i l i t y  were taken 

a s  a t o t a l .  To reasonably account f o r  time of instrument ownership, 

a time-in-use f ac to r  is used i n  computing t o t a l  po in ts .  This f a c t o r  is c o w  

puted a s  t h e  eighth roo t  of t he  number of years  t he  equipment has  been i n  

use. 

Table 7 descr ibes  the  po in t  computatiocz f o r  r e l i a b i l i t y  and com- 

p lex i ty .  

TABLE 7. POINT-RATING SYSTEM 
FOR PERFORMANCE FACTORS 

R e l i a b i l i t y  f ac to r  = x poin ts  assessed f o r  r e l i a b i l i t y  

Complexity f a c t o r  = x po in t s  assessed f o r  complexity 

t = time of use i n  years .  



Rating of Instruments -- 

One of the requested t a sks  i n  t h i s  research program was the  r a t i n g  

of the  various instruments according t o  t h e i r  performance and physical  fac- 

t o r s .  Because of the la rge  number of f a c t e t s  involved, a r a t i n g  of t h i s  

kind has c e r t a i n  inherent problems Cue t o  t he  d i f f i c u l t y  of ascr ib ing  appro- 

p r i a t e  values t o  each of these fac tors .  For example, i f  weight requirements 

a r e  extremely c r i t i c a l  f o r  a given appl ica t ion ,  then the  weight f ac to r  9f a 

given instrument becomes highly important. The many f ac to r s  of the  instru-  

nent  a r e  r e l a t ed  t o  t he  p a r t i c u l a r  needs of the  b io log ica l  mater ials  being 

assayed. Thus, a d i r e c t  comparison between a technique *ich %s capable of 

accurately measuring pro te in  t o  a technique which can a c c u r a t e b  measure sus- 

pended lymphocytes is not p a r t i c u l a r l y  meaningful. Several f ac to r s  of the 

instrument such as sample s i z e ,  temperature, flow-cell capabi l i ty ,  a b i l i t y  t o  

be rack mounted, the form of t he  output s i g n a l  a r e  not  amenable t o  a compar- 

a t i v e  r a t i n g  system. For these reasons, we have devised a r a t i n g  system 

based on six f ac to r s  (cost ,  power, volume, weight, complexity of use, and 

r e l i a b i l i t y ) .  I n  compiling t h i s  ra t ing ,  the  data  f o r  each instrument were 

summarized on a commercial hardware descr ip t ion  shee t .  This shee t  contains 

information on t h e  assay pr inc ip le ,  t he  vendor, t he  si-: r a t i n g  f ac to r s ,  and 

t h e  names and addresses of the  users  of the  instrllments who have been contacted. 

Data from each of these shee ts  a r e  summarized i n  Table 8. Instruments i n  t h i s  

t a b l e  a r e  l i s t e d  i n  descending order  according t o  t o t a l  points .  Please note  

t h a t  each instrument has a code number i n  t h i s  t ab l e  which has been jncluded 

f o r  cross referencing. 

I n  addi t ion t o  t h i s  t ab l e ,  a r a the r  extensive format w a s  designed t o  

assemble the  performance data  of each of th.2 instruments. These da ta  a r e  com- 

p i l ed  i n  Table 9. This t a b l e  contains  items such a s  s e n s i t i v i t y ,  reso lu t ion  o r  

bandwidth, accuracy, sample s i z e ,  concentration, sample temperature, flow-cell 

capab i l i t y ,  operat ing temperature, rack mount a v a i l a b i l i t y ,  wavelength, and 

o ther  miscelleneous information where i t  is appl icable .  



2 5 
TABLE 8. ??BY S 1CP.L AND PERFC?.X\VCF DATA. C S T P  q.13QX 

A Weighted-Factsrsic Ts3le 
(Presented i n  descending order accorddng to  tatai p o i n t s )  

-- ---- 

Inst. Cost, Power, Volume, Weight, T o ~ a l  
Code No. $ watts m 3 kg Complexity Re l iab i l i ty  P o i ~ l t s  

*See point system description. 



- TART3 8 .  (crnnti.nii~d) 

A Weighted-Factors* Table 
(?resented in  descending order according to to ta l  points) 

Ins t . Cost, Power, Volume, Weight, Total 
Code No. $ watts m 3 kg Complexity Rel iabi l i ty  Points 

. I 
i 230 450 2 7 0.004 2.3 10.0 10.0 107.4 

I 
*See point system description. i ; 
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TABLE 8.  (continued) 

A Weighted-Factors* Table 
(Presented i n  descending order according t o  to ta l  points)  

Ins t . Cost, Power, Volume, Weight, Total 
Code No. $ watts m 3 kg Complexity Re l iab i l i ty  Points 

*See point system description.  



2 8 

- TABLE 8. (continued) 

A Weighted-Factors* Table 
(Presented i n  descending order according to total  points) 

Ins t . Cost, Power, Volume, Weight, Total 
Code No. $ watts m3 kg Complexity Rel iabi l i ty  Points 

*See point system description. 



29 

T4RT,G A. (contini~nd) 

A Weighted-Factors* Table 
(Presented i n  descending order according to total  points? 

Ins t . Cost, Power, Volume, Weight, Total 
Code No. $ watts m 3 kg Complexity Reliabil ity Points 

*See point system description. 



30 
TABLE 8.  (continued) 

X Weighted-Factors* Table 
(Presented in  descending order according t o  t o t a l  points)  

. -- - 

Ins t . Cost , Power, Volume, Weight , Total 
Code No. $ watts m 3 kg Complexity Re l iab i l i ty  Point.? 

*See point system description. 



31 

TABLE 8. (cnnt i~ued)  - -. 

A Weighted-Factors* Table 
(Presented i n  descending order according t o  to ta l  points)  

Ins t . Cost, Power, Volume, Weight , Total 
Code No. $ watts m3 kg Complexity Re l iab i l i ty  Points  

*See point system description. 



TASLE 8.  (continued) 
A Weighted-Factors* Table 

(Presented i n  descending order according t o  t o t a l  points) 

-- 

Ins t . Cost, Power, Volume, Weight, Total 
Code No. $ watts m 3 kg Complexity R e l i a b i l i t j  Points 

*See point system description. ' 



33 
TABLE 8.  (continued) 

A Weighted-Factors* Table 
(Presented i n  descending order according t o  to ta l  points) 

-- 

Ins t . Cost, Power, Volume, Weight, 
3 

Total 
Code No. $ watts m kg Complexity Re l iab i l i ty  P o i n t s  

*See point system description. 



34 
TAR1.F 8 .  (cont-inrird) 

A Weighted-Factors* Table 
(Presented i n  descc.nding order according t o  teCel p o i n t s )  

Ins t . Cost ,  Power, Volume, Weight, Tota l  
Code No. $ watts  m 3 kg Complexity R e l i a b i l i t y  .-- Points  - 

215 6 ,990 350 0.089 81.6  10.0 10.0 61.1. 

*See point  system descr ipt ion .  



35 

TABLE 8.  rcont~nri~rl) 
A Weighted-Factors* Table 

(Presented i n  descending order a c c ~ r d i n g  t o  t o t a l  points)  

--- 
Ins t . Cost , Power, Volume, Weight , Total 
Cod,. No. $ wakts m3 kg Complexity Rel iabi l i ty-  Points 

*See point system description. 



36 

TABLE 8.  (continued) 

A Weigl~ted-Factors* Table 
(Presented i n  descending order according to  t o t a l  points) 

Ins t . Cost, Power, Volume, W e i ~ h t ,  Total 
Code No. $ watts m 3 kg Complexity ?.- l i a b i  1 i g p O i . t  5 

256 20,500 495 0.403 130.6 10.0 10 .O 53.2 

*See point system description. 
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Glossary of Abbreviations 

A - ampere; a l so  absorbance uni ts ,  logarithm t o  the base 10 of the 
reciprocal of the transmittance. A = loglO (l/T). 

ASA - r e l a t ive  f i lm exposure index (photography) 

ATP - adenosine triphosphate. 

C I  - cur ie  (s )  . 
conc. - concentration units :  i n  absorption spectrometry, usually expressed 

i n  grams per liter. 

exp. - exposures ( in  photography). 

FTU - Fonnazin Turbidity Unit; r e f e r s  t o  method of standard preparation; 
un i t s  interchangeable with JTU. 

JTU - Jackson Turbidity Units. 

O.D. - op t i ca l  density units .  

RBC - red blood c e l l s ;  erythrocytes. 

R I  - r e f rac t ive  index. 

T - transmittance (of l i g h t ) ;  expressed i n  percent. The r a t i o  of the  
radiant  power transmitted by a sample t o  the  radiant  power incident  
on the sample. 

TFE - t e t r a f  luorethylene. 

WBC - white blood c e l l s ;  leukocytes. 



Another important f a c t o r  i n  evaluat ing the  instruments is the  da t a  

display. This is summarized f o r  each instrument i n  Table 10. I n  t h i s  t a b l e ,  

t h e  instruments a r e  l i s t e d  by the  code number and the  t a b l e  i nd ica t e s  read- 

out  methods which are b u i l t  i n  and output s igna l s  which are generated by the  

equi~ment  f a r  purposes of information r e t r i e v a l .  

Thus, a l l  of t he  f ac to r s  r e l a t i n g  t o  s i z e ,  power requirements, per- 

formance, s e n s i t i v i t y ,  and output have been summarized i n  t h i s  s ec t ion  of 

t h e  report .  An add i t i ona l  requirement of our  research program was t o  care- 

i,l"-ize t he  c lasses  of b io logica l  compounds which could be detected. This 

pr imari ly  is a function of the physical  p r inc ip l e s  underlying the  de tec t ion  

method. The next s ec t ion  of t h i s  repor t  contains a discussion and descrip- 

t i o n  of t h e  pr inc ip les  of detect ion.  I n  t h i s  s ec t ion ,  t he  a b i l i t y  of each 

method t o  de t ec t  various b io logica l  candidate mater ia l s  is summarized. 

PRINCIPLES OF ANALYTICAL TECHNIQUES 

Photometric Methods 

By f a r  the  l a rges t  number of instrumental techniques f o r  ana lys is  

described i n  t h i s  repor t  a r e  based upon photometric techniques. This is 

because of the grea t  v e r s a t i l i t y ,  r e l i a b i l i t y ,  and r ap id i ty  of photometric- 

a l l y  based methods. Photometric methods can be divided i n t o  the  a reas  of 

adsorptive, r e f r ac t ive ,  and emissive techniques. These w i l l  be  discussed 

below. 

Adsorptive Methods 

A ray of l i g h t  coming i n  contact  with a molecular species  can 

i n t e r a c t  with t h a t  species  i n  such a way t h a t  t he  rad ian t  energy is adsorbed 

by the  species .  Depending upon the  frequency of the  l i g h t ,  the  absorption 
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TABLE 10. DATA DlSPLAY METHODS 

1 meg 

Instrument 
Code No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

.15  

16 

17  

18 

19 

20 

21 

22 

23 

Output Signal 
Impedance 

Match, 
Recorder ohms BCD 

5/60 mV 

0-100 mv 
10/100 mV 
300 uA 500, 100 K 

- + 2 v  

0-10 V 

0-0.5 V 

0-10 mv 

w- 
a -  
U 
G 
&I 

X 

X 

-LC 
0)  * 
O u 

X 

X 

X 

X 

X 

X 

X 

ReacJo 
Q 

L c u  
a +  

4 
a h  

X 

X 

X 

X 

X 

X 

scale 

X 

scale 

X 

y t  

u w w r l  

X 

X 
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TABLE 10. (continued) 

Output Signal  
Impedance 

Match, 
Recorder ohms BCD 

+ - 10 V 

4 V pulse 

100 mv 

1V 

50/50C mV 

0-10 mV 

0-1 mA, 0-1 V 

Ins t rurnen t 
Ccde No. 

24 

25 

26 

2 7 

2 8 

29 

30 

3 1 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

4 3 

44 

4 5 

4 6 

-LC 
al 

k  

X  

X 

4 k  

X 

X 

X X X  

X 

X 

X 

Re 

- M U  
al 

X 

X 

X 

X 

X 

1 1 -  

91 - 
u 
C 

mag 

a 4 ort 
m 
r( 3 ~ ~ ~ 4 4  

4 P a u 1 ~  

X  

X  

X  

X  

X 

X  

X  

X 

X 
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TABLE 10. (continued) 

10 meg 

Instrument 
Code No. 

4 7 

48 

49 

50 

51 

52 ' 

53 

54 

55 

56 

5 7 

5 8 

5 9 

60 

61 

6 2 

6 3 

64 

65 

66 

6 7 

68 

69 

Re n $ oyt  
a 

u 

o 

X  

X 

X  

X 

X  

X  

X  

X  

-LC 
0) 

0 
o 
8 ' 8  

X  

X  

X  

X  

" ~ S L (  
o 

X X  

X. 

X 

X  

scale 

X 

X 

X  

0) 
U 
E 
*.I 

P 

X 

opt. 

- Output Signal  
Impedance 

Match, 
Recorder ohm BCD 

0-10 V 

- + 5 V  

10/100 mi', 1 V 241231, 1.6 K 

10 mV 

0-10 mV 

0-1 V 

5/10 mV, 8-24 V 
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TABLE 10. (continued) 

Instrument 
Code No. 

70 

' 71 

7 2 

7 3 

74 

7 5 

76 

77 

7 8 

7 9 

80 

81 

82 

8 3 

84 

85 

86 

87 

88 

8 9 

90 

91 

9 2 

- Output S igna l  
Impedance 

Match, 
Recorder ohm BCD 

0-10 mV 25K 

10 v 

5/10 mV, 8-24 V 

100/200/300 
500/1000 mV 

10 mv, 1 V 

0-100 mV 

100 mV 

100 mV 

10 mV 

1000 mv 

RenAout 
a 

M U  

$ p 1  

X 

X 

X 

X 

opt. 

X 

X 

X 

X 

X 

X 

M H ~  

X X  

X X  

-LC 
0) a 

O u 

X 

opt. 

X 

X 

X 

CI- 
0) 
U 
C 

, 

X 

X 

X 

u 

X 

X 

X 

X 

X 
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TABLE 10. (continued) 

Ins t rt~men t 
Code No. 

139 

140 

141 

142 

14 3 

144 

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

15 7 

158 

159 

160 

161 

Output Signal 
Impedance 

Match, 
Recorder ohms BCD 

2OmA 

1 V 

1 V 

10 mV 

5 mV 

100 + 10 mV 
10/100 mV, 
'1 v 

100 mV 

0-10 mV 

0-6 V 

0-50 mV 

0-1 V 

-k 
0)  

8 

opt.  

X 

DPt 

" 8 :  

X 

- 
a -  
U u 
rl 

X 

X 

-Leu 
61 

d 8 ! a  - 

scale 

X 

X 

X 

Re a 4( o ~ t  
a 

X 

X 

X 

opt.  

X 

X 

X 

X 

X 

X 

X 
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TABLE 10. (continued) 



62 

TABLE l r ) .  (cor~tinued) 

Outps  Signal 
Impedance 

b t c h ,  
.- Recorder ohm BCD 

X 

X 

50 mV 

1 V per cm, X-Y 1 K 

o p t .  

0-1 V 

1 V 

Ins trumene 
Code No. 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

197 

198 

199 

200 

2E1 

202 

203 

204 

205 

2 06 

207 

Reac&t* 
v 
.a 

+ 
n u &  

X 

X 

X 

X 

X 

- 
P D H ~  rr: 

-LC al 

8 

" - 
al 
U 
a 

X 

- 
LC 

' . ' a d  
u 

X 

X 

X 

X ,  

X 

X 

X 

opt. 

o p t .  

X 

X 

X 

l5150 mV 

0-10 v 

0-10 V 

0-1 IDA, 0-10 mV 

101 100 mV 

0-100 mV 

10/100 mV 

0-1 V X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
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TABLE 10. (continued) 
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TABLE 10. (continued) 

Instrument 
Code No. 

231 

232 

233 

234 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

246 

24 7 

248 

24 9 

25C 

251 

252 

253 

- 
Output Signal 

Impedance 
~ a t c h ,  

Recorder ohus BCD - 

1 mA, 100 mV . 10G/1500 

X 

X 

X 

0-100 V 

500 mV 

100 mV 

1/10 V 

1 0  mV, 1 V 

1 0  mV, 1 V 

10 mV, 4 V 

1 0  mV, 2 5 V 

12 V 25 

.. 
9) 
u 
c 
4 

X 

I 

Z ' Z u  

X 

X 

X 

X 

X 

-u 
0)  

S 

X 

X 

X 

Q ) r l  
u 

X 

X 

X 

X 

X 

Readoyt 
a 

u u  

d a u ~ ,  

opt. 

X 

X 

X 

X 

X 

X 

X 
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TABLE 10. (continued) 

Output Signal 
Impedance 

Match, 
Recorder ohms BCD 

0-10 K 

X 

100 mV X 

10 mV, 10 V 

0-10 mV 

7 - 

Ins t rument 
Code No. 

254 

255 

256 

257 

258 

259 

260 

261 

262 

263 

264 

265 

266 

267 

26 8 

269 

270 

271 

b o w 4  
d 

Readovt 
cp 

M U  

rc Z % P U ~  

X 

X 

-M PI a 
O 
u 

0) - 
u 
C 

M  

opt. 

X 

u 

opt. 

X 

scale 

X 

I 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



of the  energy causes a change i n  the  e lec t ronic ,  vibrat ional ,  2r.d ro ta t ional  

energy l eve l s  of the molecule absorbing l ight .  Light absorieti i n  tile v i s ib l2  

and u l t r av io le t  regions causes a change i n  the  e lec t ronic  er:ergy levels;  

a b s ~ r p t i o n  i n  the  inf rared  region is a r e s u l t  of changes i n  v ibra t ional  and 

ro ta t iona l  energy levels .  A close r e l a t ion  e x i s t s  between the extent  of 

absorption and the  concentration of the  absorbing substance. The change of 

the  in tens i ty  of l i g h t  with distance through an absorbing substance can be 

wr i t t en  as  follows. 

wherc C is a concentration of the  absorbing substance, I is the  in tens i ty  of 

the  l i g h t  a t  the  distance x, and K is the  constant cha rac te r i s t i c  of the sub- 

s tance and the wavelength of the  incident l igh t .  Since the in tens i ty  of the  

l i g h t  decreases as i t  passes through the  substance, the sign of the r ight-  

hand term is negative. This expression can be  integrated t o  give the follow- 

ing expression. 
I 

log -p = ACd 

where I equals the in tens i ty  of the radiat ion emerging From the  sample c e l l ,  

I, the  in tens i ty  of the  incident radiat ion,  and d the  thickness of the  sample. 

The quantity A is known as  the  molar ext inct ion coefficient  and is character- 
I0 i s t i c  of a pa r t i cu la r  substance a t  a given waveleng~ The quantity log 7 

is known as the  op t i ca l  density, and it  can be seen 1 t h i s  term is d i rec t ly  

re la ted  t o  the concentration. The above equation, which describes the  Lambert 

Beer law, indicates tha t  the  op t i ca l  density measured should be d i rec t ly  pxo- 

port ional  t o  the  concentration of the unknown i n  solut ion.  Under proper con- 

d i t ions ,  t h i s  is generally t rue  and these conditions w i l l  be discussed i n  

subsequent sect ions of t h i s  report.  

The bas ic  schematic diagram f o r  a photometer is very simple and 

is s h m  on the  next page. Light from the  l i g h t  source passes through a slit 

t o  the  wavelength se lec to r  which can be e i t h e r  a f i l t e r ,  prism, o r  d i f f rac t ion  

grating. It then passes through a second sl i t  Lnto the sample and the inten- 

s i t y  of the  l i g h t  is measured by a photomultiplier tube. In the simplest types 



FIGURE 1. BASIC DIAGRAM OF A PHOTOMETER 

Photomult~pl ier tube 
Slit Slit 

of colorimeters,  t he  l i g h t  source is an incandescent la*. The proper wave- 

length region is se l ec t ed  by a s e r i e s  of band-pass f i l t e r s  and the f i l t e r e d  

l i g h t  passes through the  sample. It should be noted t h a t  the photomult ipl ier  

tube gives a s i g n a l  d i r e c t l y  proport ional  t o  the  i n t e a s i t y  of the  r ad i a t ion  

a s  i t  emerges from the  sample. From the  above equation, i t  can be seen t h a t  

the  re la t ionship  between the  concentration of the sample and the  emergent 

rad ia t ion  is a rec iproca l  log function and is  not r e l a t ed  l i nea r ly .  I n  pho- 

tometers with simple e l ec t ron ic s ,  the  conversion from the  vol tage output of 

the  photocel l  is accomplished by a nonl inear  d i a l  reading o r  by reference t o  

a t ab l e  r e l a t i n g  100 percent transmittance t o  concentrations.  Because of t h i s  

nonl inear i ty ,  simple photometers do not  give accurate  readings a t  high o p t i c a l  

dens i t i e s .  In  systems u t i l f z i n g  band-pass f i l t e r s ,  deviat ion from Beer's l a v  

can occur i f  the  band pass covers too broad an a rea  of the  absorption peak of 

the  substance being analyzed. 

I n  more complex spectrophotometers, fu r the r  refinement of the simple 

diagram shown above a r e  included. In Jrder t o  compensate f o r  vol tage f luctua-  

t i ons  and va r i a t i ons  i n  i n t e n s i t y  of t he  l i g h t  source, the  beam may be s p l i t  

i n t o  two components a f t e r  i t  goes through the  waveiength s e l e c t o r ,  a s  shown 

i n  the next f igure .  One of the beams t raverses  the  sample and the  o ther  goes 

through a reference c e l l .  Changes i n  volume cur ren t ,  source i n t e n s i t y  can 

then be e l ec t ron ica l ly  compensated. The cutput  s igna l  from thc  photocel l  

CF- be converted e l ec t ron ica l ly  t o  a 1ogarithud.c output vhic:h Is d i r e c t l y  

proport ional  t o  concentrations.  

I 
I -Sensing and 

I - 
I display system 

Light source 

Wavelength selector 
(f  ~ l te r ,  prism, or diffractlon grot~nq) 

, 



Reference cel I 

I Sample cell 

FIGURE 2. SIMPLIFIED DIAGRAM OF A DOUBLE-BEAM PHOTOMETER 

0 

Spectrophotometric methorls can be f u r t h e r  c l a s s i f i e d  according 

t o  t h e  type of measurements one des i r e s  on a given sample. I n  the  f i r s t  

case,  one may wish t o  obta in  a scan of the  abscrpt ion of l i g h t  of a given 

sample over a range of wavelengths s t a r t i n g  from W through the  v i s i b l e  

spectrum. To obta in  such a scan, one needs an instrument which has a dr ive  

mechanism coupled with the  wavelength se l ec to r  and which operates  on a 

double-beam pr inc ip le .  In  prec is ion  instruments, t he  s e l ec t ion  of wave- 

lengths is performed by a d i f f r a c t i o n  gra t ing  and gra t ings  a r e  now avail-  

ab l e  which can give a very accurate  s e l ec t ion  of wavelengths. 

A second type c.f measurement which one makes with photometric 

equipment is the  absorption o i  a given sample a t  d i s c r e t e  s e l ec t ed  wave- 

lengths i n  order  t o  determine concentrations of cons t i tuents  i n  the  sample. 

In t h i s  case,  one is not i n t e r e s t ed  i n  a wavelength scanning funct ion but  

is concerned with the  a b i l i t y  t o  s e l e c t  wavelengths with a s  narrow as  possible  

a band width. Tkis type of photometer could be of s p e c i a l  i n t e r e s t  t o  the 

NASA program because many of t he  instruments of t h i s  type which are ava i lab le  

are qu i t e  compact and simple i n  t h e i r  operation. They operate  a t  a few pre- 

s e l ec t ed  waveleqiths which a r e  determined by the  type of mater ia l  being ana- 

lyzed. P x  example, i f  one wishes t o  analyze pro te ins ,  a device would 

operate  a t  a wavelength of 280 nm. Nucleotides i n  general can be detected 

at 260 nm and reduced NAD at 340 nm. A grea t  many instruments of t h i s  type 

are ava i l ab l e  a s  can be seen from our instrument survey sec t ion  of t h i s  repor t .  

Sample 

I Light 
@ pmtocel! 

source Slit Wavelength 
selector 



Spectrophotometric instruments a r e  categorized by the  region of 

wavelengths i n  which they a r e  capable of operation. A s  mentiond before,  

t he  th ree  categories  are u l t r a v i o l e t ,  150-350 nm; v i s i b l e ,  350-1000 nm; and 

inf ra red ,  1000-15,000 nm. I n  a general sense, i n f r a red  spec t r a  a r e  usefu l  

i n  determining information about t he  molecular s t ruc tu re .  They would not  

be  of grea t  value i n  t h i s  present  program f o r  severa l  reasons. F i r s t  of 

a l l ,  the  p a r t i c l e s  being analyzed would be suspended i n  an aqueous medium 

which would blank out the  absorption spectrup of any species  i n  so lu t ion .  

Second, the  ex t inc t ion  c a e f f i c i e n t s  i n  t he  in f r a red  region a r e  small com- 

pared t o  those i n  the  v i s i b l e  and u l t r a v i c l e t  regions, and thus eyen i f  an 

aqueous so lvent  were not  used, r e l a t i v e l y  high concentrat ions of the  sample 

would be required. 

Absorption of u l t r a v i o l e t  and v i s i b l e  l i g h t  a r e  a r e s u l t  of e iec-  

t r o n i c  t r a n s i t i o n s  ~ c c u r r i n g  within the  sample molecules. Many spectro-  

photometers have c a p a b i l i t i e s  of measuring absorbed l i g h t  i n  both regions 

and severa l  a r e  included i n  t h i s  report .  It should be  noted t h a t  although 

the  o p t i c a l  p r inc ip les  of W and v i s i b l e  l i g h t  spectrophotometers are the  

same, two d i f fe rences  e x i s t  on a p r a c t i c a l  l e v e l  between these  two l i g h t  

absorption regions. The f i r s t  is the  l i g h t  source. A simple incandescen; 

l i g h t  saurce can be used i n  v i s i b l e  region. However, f o r  W measurements, 

the  incandescent source is inadequate a t  the sho r t e r  wavelengths and one must 

use a hydrogen-deuterium lamp. The seco.~d d i f fe rence  is the  type o t  mater ia l s  

used t o  contain the  sample. In  the  v i s i b l e  region, one can use g l a s s  and 

various kinds of t ransparent  polymers t o  contain the  t e s t  so lu t ion .  In  t he  

W region, these mater ia l s  absorb: thus,  quartz  must be asrd as a ssmple con- 

t a ine r .  

Photometric instruments may be categorized from the  s tandpoint  of 

the  physical  form of the  sample being analyzed. In  t he  most conmn arrange- 

ment, t he  sample is contained i n  a d i s c r e t e  sample c e l l  i n  a compartment 

within the instrument. The sample is thus removed from a so lu t ion  being ana- 

lyzed and is homogeneous. A number of photometric ana lys is  systems have 

automated accessory equipment f o r  placing samples i n  and out  of the  sample 



compartment. I n  addi t ion,  i f  a s e r i e s  of samples a r e  measured over a time 

period t o  analyze a k i n e t i c  react ion,  equipment is ava i l ab l e  t o  automatic- 

a l l y  move samples i n  and out  of the  photocel l  compartment a t  selectee?' time 

in t e rva l s .  

A second type of sample configurat ion which should be of d e f i t j t e  

value t o  t h i s  program is the  flow c e l l .  I n  t h i s  configurat ion,  the sample 

is continuously flowed through the l i g h t  beam of the instrument.  The flow 

c e l l  arrangement i n t e r f aces  very w e l l  with separa t ion  processes and can be 

conveniently used t o  monltor t he  e f f luen t  from such processes. For example, 

many flow c e l l  systems e x i s t  f o r  monitoring pro te ins  separated on chromato- 

graphic columns. I n  NASA's program on separat ion of b io log ica l  macrontole- 

cu les  i n  space, W and v i s i b l e  absorption flow c e l l s  could be used t o  

monitor e f f l u e n t s  from a wide va r i e ty  of separat ion devices including both 

the  batch and continuous-flow types. 

A t h i r d  type of photometric measurement configuration which is 

used t o  analyze samples which a r e  nonhomogeneous is commonly r e fe r r ed  t o  a s  

o p t i c a l  densitometry. I n  t h i s  configuratj.on, t h e  sample t raverses  the  l i g h t  

heam i n  one o r  two dimensions and the concentration of the  various const i tu-  

e n t s  of t he  sample i n  t h e i r  respect ive zones can be detected. This method 

is commonly used t o  analyze d isk ,  ge l ,  f l a t  ge l ,  and s t r i p  electropherngrams. 

Resul ts  from such a scan a r e  obtained as  a p l o t  of t he  o p t i c a l  densi ty  a s  a 

funct ion of d i s tance  i n  the  X d i rec t ion .  A s impl i f ied  diagram of a scanning 

densitometer is shown below. 

(( Light source 

Slit 

----+ Sample traversing 
light beam 

Variable concentration zones 
within sample 

Photomultiplier 

FIGURE 3. DIPGRAM OF SCANNING OPTICAL DENSITOrlETES 



Another va r i a t i on  of the  o p t i c a l  densitometric procedures ~ l l o w s  

the  &ample t o  remain i n  a f ixed pos i t ion  while t h e  l i g h t  beam moves over 

the  sample. This can be accomplished by a f iber-opt ic  i i g h t  pipe which 

t ransmits  the  i l luminat ing l i g h t  t o  t he  sur face  of the  sample. It is then 

r e f l ec t ed  back and t ransmit ted t o  the  photomult ipl ier  trioe by another l i g h t  

pipe contained i n  t h i s  same probe. The probe can t r ave r se  a sample i n  t he  

X and Y dimensions and is usefu l  f o r  scanning thin- layer  chroma tog rap hi.^ 

p la tes .  A sketch of t h i s  device is shown belaw. 

Photomultiplier 
Light pipe returning signal 
to photomultiplier 

FIGURE 4. LIGHT PIPE SCANNING OPTICAL DENSITOMETER (REFLECTING' 

A s imi l a r  arrangement could be used i n  scanning a free-flow e lec-  

t rophoresis  un i t  i f  t he  mater ia l s  were t ransparent  t o  the  wavelength of l i g h t  

used and i f  a r e f l ec t ing  surface were used on the  back s i d e  of the  sample c e l l .  

I n  addi t ion  t o  r e f l ec t ed  l i g h t ,  t ransmit ted l i g h t  can a l s o  be used with a 

f iber-opt ic  probe. In  t h i s  case,  t he  r e tu rn  l i g h t  pipe is placed on the  o ther  

s i d e  of t he  samplcl. The two probes then move i n  conjuncCion with each o ther  

and t raverse  the  sample. 

Another modification employing f i b e r  op t i c s  f o r  monitoring concen- 

t r a t i o n s  of e f f luen t s  i n  an e lec t rophores i s  system was developed by Hannig ( I )*  

and is shown schematically on the  next: page. 

* References begin on Page 141. 
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FIGURE 5 .  MULTIPLE LIGHT PIPE DENSITOMETER 

I n  t h i s  system, i m  a r r ay  of f iber -opt ic  probes d i r e c t s  l i g h t  t o  

s eve ra l  channels of the e f f luen t  from the  e lec t rophores i s  device. On the  

o the r  s i d e  of each channel is a l igh t -sens i t ive  diode. I n  D r .  Hannig's 

arrangement, the  s igna l  from each of the diodes is scanned pe r i ed i ca l ly  

and the  da t a  a r e  then displayed on a t e l ev i s ion  screen. This system enables 

t he  concentration of sample i n  severa l  d i f f e r e n t  e f f l u e n t  streams t o  be 

monitored simultaneously. 

Photoemissive Methods -- 

I n  addi t ion  t o  photoabsorptive nrethods, the  emission of photon 

energy can be  used a s  an a n a l y t i c a l  method f o r  b io logica l ly  derived species .  

Three types of photoemission a r e  generally used f o r  ana lys is  and character- 

i z a t i o n  of molecular species .  These a r e  fluorescence , phosphorescence, and 

Raman spectra .  A l l  of these  r e s u l t  from the  adsorption of l i g h t  bv a mo1.3- 

cule  a t  one wavelength and emission of l i g h t  by the  same molecule a t  another 

wavelength. Raman spec t r a  occur when l i g h t  i n t e r a c t s  with molecules a t  a 

l e v e l  i n s u f f i c i e n t  t o  cause an e l ec t ron ic  t r ans i t i on ;  r a the r  .;,e l i g h t  

causea a v ib ra t iona l  s h i f t  i n  t h e  molecule and is reemitted a t  a s l i g h t l y  

longer wavelength corresponding t o  t he  energy of t he  v ibra t iona l  d i i f  e.  



Raman spec t r a  bear a grea t  dea l  of resemblance t o  inf ra red  spec t r a  and are 

usefu l  i n  e luc ida t ing  funct ional  g r o u p  and z t r u c t u r a l  re la t ionships  i n  organic  

molecules. They a r e  not  a s  valuable i n  ind ica t ing  the  r e l a t i v e  concentration 

of d i f f e r e n t  cons t i tuents  and therefore  have not  been considered i n  any d e t a i l  

i n  t h i s  report .  

Fluorescence and : hosphorescence r e s u l t  from the  adsorption of W o r  

v i s i b l e  l i g h t  by a molecular species .  The adsorbed l i g h t  is reemitted by the 

molecular species  almost always a t  a s l i g h t l y  longer wavelength. The d i f fe rence  

between phosphorescence and fluorescence is the  time required f o r  reemission of 

t he  adsorbed protons with fluorescence being more rapid by seve ra l  o rders  of 

magnitude. For the detect ion of b io logica l  macromolecules, fluorescence is 

much more valuable than phosphorescence and w i l l  be discussed i n  f u r t h e r  d e t a i l  

i n  t h i s  sec t ion  of the report .  

Fluorescence Spectra. A s  mentioned p ~ r ~ - ! o u s l y ,  rluorescence is 

described a s  t he  adsorption of u l t r a v i o l e t  o r  v i s i b l e  l i g h t  by a mol ecular  

species  followed by reemission of the l i g h t  at. a s l i g h t l y  longer vavelength. 

When the  molecular speci.cs adsorbs the  l i g h t ,  ar, e l ec t ron ic  t r a n s i t i o n  occurs 

placing the  molecule i n  an exci ted s t a t e .  In  t h i s  exc i ted  s t a t e ,  the  mole- 

cu l e  then s h i f t s  t o  a s l i g h t l y  lower v ib ra t iona l  energy l e v e l  and from t h i s  

l e v e l  a photon is emitted causing the malecule t o  re turn  t o  t he  e l ec t ron ic  

ground s t a t e .  Because some energy is l o s t  i n  the s h i f t  t o  a lower vibra- 

t i o n a l  o r  ro t a t iona l  energy s tate ,  the  wavelength of the  r e s u l t i n g  emission 

is somewhat longer than t h a t  of the  adsorbed l i g h t .  Fluorescence, of course,  

can only occur i n  wavelength regions where the molecule adsorbs the  inc ident  

l i g h t .  Adsorption of v i s i b l e  o r  W l i g h t  by a molecular spec ies  c e r t a j l l y  does 

not ind ica te  t h a t  fluorescence w i l l  occur. Most molecules which adsorb l i g h t  

i n  t h i s  region d i s s ipa t e  the energy by ro t a t iona l  and v ib ra t iona l  modes and do 

not  emit photons i n  the  v i s i b l e  region. A number of b io log ica l  moleculeb do 

exhib i t  fluorescence and thus t h i s  technique can be used i n  a wide number of 

appl ica t ions .  



A schematic diagram of the  operation of a spectrofluororneter is 

shown below. 
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FIGURE 6. SIMPLIFIED DIAGRAM OF A SPECTROFLUOROMETER 

. - 

Light from the  l i g h t  source goes through the  monochromator f o r  

wavelength se l ec t ion  f o r  exc i t a t i on  of the sample. It is adsorbed by the  

sample and reemitted a s  fluorescence i r  a l l  d i rec t ions .  The emitted l i g h t  

is commonly measured a t  cn angle of 90 degrees from the  exc i t i ng  l i g h t .  

Thie emit ted l i g h t  is passed through a second monochromator and is then 

detected by a photocell .  I n  the design of such an instrument, care  m u s t  

!)e taken t o  avoid e r r o r s  from sca t t e r ed  l i g h t  s ince  the  in t ens i ty  of the 

emitted l i g h t  is much smaller  than t h a t  cf the incident  l i g h t .  

A molecular species  which flt1,oresces has two c h a r a c t e r i s t i c  spec- 

tra. These a r e  t he  exc i t a t i on  spectrilm sad the emission spectrum. Excita- 

t i o n  spec t r a  a t e  0-btained by measuring the i n t e n s i t y  of the  emitted l i g h t  a t  a 

f ixed  wavelength while varying wavelengths of the exc i t i ng  l i g h t .  The shape of 

the  exc i t a t i on  spectrum is t h a t  of the  absorption curve of the molecule. 

Emission spec t r a  a r e  obtained by f ix ing  the exc i t i ng  l i g h t  a t  a given wave- 

length and measuring the  i n t e n s i t y  of the emitted l i g h t  as a function of wave- 

length. The snape of the  emission spp r t r a  is independent of the  wavelength 

of the  e x c i t i n g  l i g h t .  Fluorescence meaRurenents have sorne advantages over 

l i g h t  adsorption measurements because of grea t ly  increased sensLtivi ty .  I n  

addi t ion ,  fluorescence can sometimes diat ingulsh between two d i f f e ren t  mole- 

c u l a r  species  whi-h adsorb l i g h t  i n  the sams wavelength regions. 



The h i ~ h e r  s e n s i t i v i t y  of f luorometr ic  methods a s  compared t o  

absorpt imetr ic  methods is due t o  t he  f a c t  t h a t  t he  fluorescence is a d i r e c t  

measure of t h e  concentration of t he  f luoresc ing  spec ies .  In absorpt imetr ic  

measurements, the absorbing spec ies  -. duces the i n t e n s i t y  of t h e  t ransmi t ted  

l i g h t  i n  r e l a t i o n  t c  i t s  concentration i n  t he  sainple so lu t ions .  For samples 

of low concentrations,  t he  i n t e n s i t y  of the  t ransmi t ted  l i g h t  from the  sample 

could be reduced very l i t t l e  in comparison t o  t h a t  of a blank and thus accu- 

racy of the  measurement could be sevcrely compromised. Iu cont r  .t t o  t h i s ,  

i f  t he  so lu t ions  were assayed by f luorometr ic  methods (assuming the  sub- 

s tance  were f luorescent )  , t he  s i g n a l  from the blank would be zero while the  

s i g n a l  from t h e  sample would be r e l a t e d  t o  the  concentration. 

The increase  i n  s e n s i t i v i t y  which can be rea l ized  by f luorometr ic  

methods can be a s  high a s  th ree  orders  of magnitude g rea t e r  th?.n could be 

obtained with absorpt imetr ic  methods. In  addi t ion  t o  grea te r  s e n s i t i v i t y ,  

fluorometry a l s o  has the  advantage of higher v e r s a t i l i t y .  Commonly, t h e  

working concentration range of fluorometry can vary a thousandfold. This 

v e r s a t i l i t y  a r i s e s  from the  f a c t  t h a t  the  wavelength of t he  exc i t i ng ,  as 

w e l l  a s  the  wavelength of t he  emitted l i g h t ,  can be  var ied.  Qu i t e  o f t e n ,  

t h i s  enables the  ana lys i s  of a molecular spec ies  i n  t h e  presence of an 

i n t e r f e r i n g  substance which might have t o  be removed i n  a d i r e c t  absorpt i -  

metr ic  measurement. 

In  f l uo rone t r i c  analyses of complex so lu t ions ,  i n t e r f e r ence  can 

occur from compounds which quench the fluorescence of t he  substance being 

analyzed. I n  t h i s  case,  these substances must be removed t o  eusiirc t!:e 

accuracy of t h e  assay. Fluotometric measurements a r e  widely used i n  t h e  

ana lys i s  of b io log i ca l  mixtures and can be  used t o  de t ec t  s t e r o i d s ,  l i p i d s ,  

p ro t e in s ,  a n h c  ec ids ,  enzyme z c t i v i t i e s ,  drugs (such as ba rb i tu ra t e s ,  s a l l -  

cy l a t e s ,  t e t r acyc l ines ,  morphine, and many o the r s ) .  An exce l l en t  summary of 

the  u t i l i z a t i o n  of fluorescence i n  biology and medicine has  been w r i t t e n  

by Udenf r iend . (2)  b number of b io log i ca l  cons t i t uen t s  f luoresce  n a t u r a l l y  

and can be d i r e c t l y  detected by f lucrometr ic  procedures. However, t he  use- 

fu lness  of these  procedures is not  l imi ted  t o  those materals  which f luoresce  



na tu ra l ly .  Fot exampie, the presence and a c t i v i t y  of enzymes can be assayed 

by uei2g fluorogenic subs t r a t e s  f o r  those enzymes. Proteins  i n  f r e e  solut?-on 

and i n  c e l l s  can be i d e n t i f i e d  by coupling with a f luoreecent  dye conraining 

a reac t ive  func t iona l  group. For example, fluorescein isothiocyanate is corn 

monly used f o r  t h i s  type of coupling. I n  addi t ion ,  a h e s t  of f luorescent  

dyes are used i n  cytology t o  charac te r ize  various cow -.lent8 of c e l l s .  In t ra -  

c e l l u l a r  enzyme a c t i v i t i e s  can a l s o  be detected by in t e rac t ion  with appro- 

p r i a t e  fluorogenic subs tza tes .  F ina l ly ,  f luorescent  ant ibodies  can be used 

t o  i den t i fy  a very la rge  number of o io logica l  cons t i tuents .  These ant ibodies  

a r e  conjugated with f luorescent  molecules such f luoroscein isothiocyanata.  

The f luorescent  antibody then b i t d s  t o  i ts  respect ive subs t r a t e  and measuring 

t h e  fluorescence cons t i t u t e s  an assay f o r  t h a t  p a r t i c u l a r  subs t ra te .  

. . 

Refract ive Methods 

When l i g h t  passes from one medium t o  another medium o. d i f f e r e n t  

deas i ty ,  t he  ve loc i ty  of the  l i g h t  changes. The d i f fe rence  In veloc i ty  Sn 

the two mediums causes a sh i - f t  i n  the d i r ec t ion  of the  beam. The change 

of d i r ec t ion  is known a s  r e f r ac t ion  and L,le ref  ac t ive  index of a given 

medium is Jef ined a s  follows 

s i n  I N = -  s i n  R 

where I equals the angle of incidence and R is the  angle of ~ e f r a c t i o n .  B-- 
measuring thj  acgles of incidence and r e f r ac t ion ,  the  r e f r ac t ive  index o i  

any given substance can be determined. In  a given soivent  such as  water,  the 

r e f r ac t ive  index increases  with the concentration of a given so lu te .  There- 

fore ,  with t he  appropriate  instrumentation, mea.surement of t h r  .t:.>ia. of  ref rac- 

t i o n  car1 prgvide an ana ly t i ca l  technique f o r  concentrations of sw : r *nces i n  

aqueous so lu t ions .  

Detec t io~ .  methods based on r e f r a c t i v e  methods a r e  o i  value t o  the 

NASA space program be cause^ of t h e i r  r e l a t i v e  s impl ic i ty  and v e r s a t i l i t y .  In 

t h i s  s ec t ion ,  we w i l l  consider t h r ~  ~ y p e s  of e f f e c t s  based upon l ighz  refrac*. 

t i on  which can be u t i l i z e d  f o r  detect ion of b io log ica l  r ~ l e c u l e s .  These a re  

r e f r a c t o w t r y ,  l i g h t  s c a t t e r i n g ,  and nephelometry, 



Refractometry. A s  mentioned previously, the presence of a given 

so lu t e  i n  a solvent  can be detected by the  measurement of t he  r e f r a c t i v e  

index of the  solvent .  1n aqueous systems which a r e  of the most i n t e r e s t  i n  

t h i s  p a r t i c u l a r  program, the  measurement of the index of r e f r ac t ion  needs t o  

be highly accurate  i n  order t o  de tec t  so lu t e s  a t  low concentrations.  As i n  

t he  case ~f absorption photometry, the  sample may be  measured i n  e i t h e r  a 

batch o r  a flow-through process. A number of refractomecers are ava i l ab l e  

which =an measure r e f r ac t ive  index of a batch sampie. However, f o r  t h i s  pro- 

gram,the flow refractometers a r e  of t he  most use. For monitoring the e f f luen t  

of s separat inn device, a d i f f e r e n t i a l  refractometer can provide a highly 
sens i t i ve  detect ion Leans. This device cant+-nuously monitors the  quanti- 

t a t i v e  difference: r e f r ac t ive  index between the  reference so lu t ion  and 

the  sample solut ion.  A s ~ h e m a t i c  diagram of the device is shown below. 

Sample cell 
Lens Slits Light 

I source 
- - - - -  ,d 
/ d 4 @  I -==m 

Detector 

Reference cell 

FIGURE 7. SCHEMAiIC DIAGRAM OF 3IFFERENTIAL REFRACTOMETER 

A beam of l i g h t  from the l i g h .  source, which is an incandescent 

lamp, passes through the s l i t  confining the beam t o  the  region of the c e l l .  

The lens collimates t he  beam which then passes through the  s a q  l e  and ref-  

erence c e l l s .  The beam is then r e f l ec t ed  back through the  sample and ref- 

erer.-e c e l l s  through the l ens  and focused upon the  de tec tor .  'l'he l oca t ion  

of the focused beam is determined by t h ~  d i f fe rence  i n  r e f r ac t ive  index 

between the  sample and the reference c e l l .  A s  the  beam changes its loca t ion  

on the de tec tor ,  an output s igna l  i s  generated which is amplified and sen t  

t o  a meter or  corder.  Another typz of ~ p t i c a l  system f o r  measurfng d i f f e r -  

ences i n  r e f r ac t ive  index between the sample and reference c e l l s  u t i l i z e s  



two separate collimated beams of l igh t .  A difference i n  ref rac t ive  index 

between these two c e l l s  a f fec t s  the r e l a t ive  in tens i ty  of the l i g h t  and is 

then detected by a dual photocell. This l a t t e r  method is somewhat sens i t ive  

t o  d i r t ,  a i r  bubbles, and r e f l ec t ion  due t o  the accumulation of 

films cn the  op t i ca l  surfaces,  and thus care must be taken t o  ensure these 

c e l l s  a r e  absolutely clean. 

Dif ferent ia l  ref ractometry can provide a very sens i t ive  method f o r  

detection of minute amounts of so lu te  i n  aqueous systems. However, care must 

be taken t o  ensure tha t  both the reference and sample f l u i d  stream a re  at  

iden t i ca l  temperatures and under iden t i ca l  pressures s ince  both of these 

a f fec t  the index of refract ion.  In  addition, i f  buffer  solut ions are  used, 

the  composition of buffer  i n  both sample and reference beam must be identi-  

ca l .  To ensure uniform temperature between both s t r e a m ,  a heat exchanger 

can be employed. 

Of pa r t i cu la r  i n t e r e s t  t o  t h i s  program a re  the d i f f e r e n t i a l  refrac-  

tometers manufactured by Pharmacia Fine Chemicals and Waters Associates. The 

f i r s t  instrument is capable of measuring differences of 5 x ld8 refractive 

index units .  It has a very broad range of sens i t iv i ty  and can measure so lu te  

concentrations up to 25 percent (w/v) .  The c e l l  volume is qui te  s x a l l  (8 ~ 1 )  

and thus t h i s  instrument can in ter face  with a wide var ie ty  of sepa at ion 

devices. Tlie flow r a t e  through the sample c e l l  can be varied over a wide 

range from 10 ml/hr t o  500 ml/hr. The e n t i r e  unit  is a sol id-state design 

with no moving par ts .  The minimal detectable so lu te  concentrations a re  as  

Dextran T40 

Yeast RNA 

Ovalbumin 

Ribonucle as  e 

Concentration, 
2 / m l  

0.3 



The Waters instrument is capable of de tec t ing  d i f fe rences  i n  refrac-  

t i v e  index of r e f r ac t ive  index u n i t s  and thus has s l i g h t l y  lower s e n s i t i -  

v i ty .  Both instrumen'is can de tec t  very sharp peaks of s o l u t e  i n  the sample 

because of t he  s m ~ l l  volume of t he  photocel l  de tec tor .  

Conc-. t r a t i o n  gradie-lts of b io log ica l ly  derived p a r t i c l e s  wi th in  

the  separat ion d. r ice  i t s e l f  can be  detected a l s o  by re f rac tometr ic  methods 

by a technique described i n  the  following sec t ion .  

Schl ieren Optics. Nethods based on r e f r a c t i v e  index can be u t i l -  

i zed  t o  de tec t  the separat ion of substance; wi th in  a separat ion c e l l  i t s e l f  

r a the r  than from a sample e lu t ed  from the c e l l .  Such techniques are used i n  

electrophoresis ,  diffusion,  and sedimentation separat ion devices t o  de t ec t  

the  various components a s  they a r e  separated. A s  mentioned previously, a 

l i n e a r  r e l a t i o n  e x i s t s  between the index of r e f r a t i o n  of a so lu t ion  and the  

concentration of the solute .  Thus, any c o n c e n t r a t i a  gradient wi th i r  a given 

so lu t ion  w i l l  a l s o  r e s u l t  i n  a gradient  i n  the  r e f r a c t i v e  index. I f  a beam 

of l i g h t  t raverses  a separat ion c e l l  i n  which a so lu t e  o r  so lu t e s  have been 

separated i n  various bands, the  r e f r ac t ion  of the  beam w i l l  increase  as it  

passes through each band. The extent  of the  r e f r ac t ion  w i l l  be  rel .?ted 

d i r e c t l y  t o  t he  concentration of the  p a r t i c u l a r  s o l u t e  i n  the band. By 

w a s u r i n g  the extent  of r e f r ac t ion  of the  beam a s  it t r ave r se s  the separa t ion  

c e l l ,  one can then determine the  loca t ion  and concentration of so lu t e  i n  the  

various separated zones. A system f o r  doing t h i s  has been developed and u t i l -  

i z e s  a type of op t i c s  known as  Schl ieren opt ics .  A schematic diagram is s h a m  

below. 

FIGURE 8. DIAGRAWTIC SKETCH OF THE SCHLIEREN LENS 
SYSTEM TO OBTAIN THE CONTOUR OF THE INDEX 
OF REFRACTION GRADIENTS I N  A SEPARATION CELL 



The c y l i n d r i c a l  l ens  has  t h e  property of focusing l i g h t  horizon- 

t a l l y  but  not  v e r t i c a l l y .  In  the  presence of a concentration gradient ,  the  

l i n e  on the  p l a t e  w i l i  be  s h i f t e d  hor izonta l ly  t o  produce a hump. The 

amount of s h i f t  is prspor t iona l  t o  the  r e f r a c t i v e  gradient  and thus the a r ea  

under the hump is  pro?ort ional  t o  the  concentration d i f fe rence  Setween the 

so lu t ion  and the  solverit. 

Schl ieren c p t i c s  have been use6 f o r  a grea t  many years  i n  determin- 

i ng  the  concentration gradients  i n  e lec t rophore t ic ,  sedimentation, and diffu-  

s i o n  c e l l s .  This system has the  advantage of being general ly  appl icable  t o  a 

wide v a r i e t y  of so lu t e s  and is not  dependent upon a p a r t i c u l a r  adsorption 

band of t h e  s o l u t e  i n  question. A number of instruments employing Schl ieren 

o p t i c s  a r e  commercially avai lable .  However, these usual ly include a 

Schl ieren o p t i c  system which is i n t e g r a l  with the  separat ion device. For 

example, the  Beckman u l t racent r i fuges ,  Models E and L, come equipped with 

Schl ieren o p t i c  systems. In  addi t ion ,  the  Beckman Model H e lec t rophores i s  

apparatus a l s o  has J Schlieren op t i c  system which is i r - tegra l  with the device. 

BecZamn does make a system which can be purchased separately, bu t  t h i s  is made 

f o r  appl ica t ion  t o  an u l t racent r i fuge .  The major disadvantage of Schl ieren 

o p t i c a l  systems is the  prec ise  alignment which is necessary f o r  the  system's 

proper functioning. The system a l s o  requi res  more space than other  photo- 

met r ic  devices,  and t h i s  could be a disadvantage f o r  i n - f l i gh t  operation. 

Light-Scattering Photometry 

When l i g h t  passes through a medium of uniform r e f r a c t i v e  index, 

t h e  beam continues undeflected i n  the  d i r ec t ion  of i ts propagation. However, 

when any d i s c r e t e  va r i a t i ons  i n  the r e f r a c t i v e  index of the  medium e x i s t ,  such 

as those caused by the  presence of p a r t i c l e s ,  p a r t  of the l i g h t  w i l l  be  sca t -  

t e r e d  i n  a l l  d i rec t ions .  Light s c a t t e r i i ~ g  is a commonplace phenomenon, and 

its most common i l l u s t r a t i o n  is the s c a t t e r i n g  of s o l a r  r ad i a t ion  i n  t he  upper 

a tmsphere  t o  produce the  blue color  of the sky. The t u rPz1 i ty  of l iqu ids  and 

s o l i d s  (and i n  some cases t h e i r  color)  is a r e s u l t  of the s c a t t e r i n g  of inc i -  

dent l i g h t .  The t heo re t i ca l  bases f o r  l i g h t  s c a t t e r i n g  theory were developed 



by Lord Rayleigh from 1871 onward. With present-day s c a t t e r i n g  techniques, 

i t  is poss ib le  t o  determine the  s i z e  d i s t r i b u t i o n  of p a r t i c l e s  i n  a c o l l o i d a l  

suspension and the  molecular weight and configurat ion of macromolecules i n  

so lu t ion .  Thus, t he  technique of l i g h t  s c a t t e r i n g  can have broad applica- 

b i l i t y  t o  the  NASA program f o r  de tec t ion  of s eve ra l  types of p a r t i c l e s .  

The general t h e o r e t i c a l  bases  f o r  determination of t he  p rope r t i e s  

of p a r t i c l e s  from measurement of t h e i r  l i g h t  s c a t t e r i n g  a r e  q u i t e  complex 

and w i l l  no t  be  discussed i n  any d e t a i l  i n  t h i s  repor t .  For purposes of sim- 

p l i c i t y ,  w e  w i l l  d iv ide  t he  types of p a r t i c l e s  t o  be detected i n t o  two areas:  

p a r t i c l e s  of s i z e  considerably smaller  than the  wavelength of t h e  i cc iden t  

l i g h t  and p a r t i c l e s  equal  t o  o r  considerbbly l a r g e r  than the  inc ident  wave- 

length. The f i r s t  category includes p ro t e in s ,  carbohydrates,  and polynucleo- 

t i d e s .  In the second category a r e  included b a c t e r i a ,  c e l l u l a r  o rgane l les ,  

and mammalian c e l l s .  Rayleigh derived an expression r e l a t i n g  t h e  i n t e n s i t y  

of s ca t t e r ed  l i g h t  of a  give^ p a r t i c l e  t o  the  rad ius ,  wavelength, r e f r a c t i v e  

index, and the  angle of rhe s ca t t e r ed  l i g h t .  This expression is va l id  f o r  

macromolecules having a rad ius  no t  exceeding about 1/20 of t he  waveletgth of 

t he  inc ident  l i g h t .  

The bas i c  components of a l i gh t - s ca t t e r ing  photometer a r e  shown 

below. 
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FIGURE 9. BC.SIC OPTICAL SYSTEM FOR LIGHT SCATTERING 



The b a s i c  requirements a r e  a monochromatic l i g h t  source, beam- 

defining op t i c s ,  a sample c e l l ,  a photodetection system, and a readout 

device. The photodetection system must be  movable t o  measure the  d i s t r i -  

but ion of i n t e n s i t y  a s  a function of the  l igh t -sca t te r ing  angle.  The 

i n t e n s i t y  of t he  sca t t e r ed  l i g h t  is very low compared t o  t h a t  of the inc i -  

dent l i g h t  and thus extraneous l i g h t  must be r igorously excludzd from the 

system. This includes l i g h t  from r e f l e c t i o n  of the  ves se l  wal l s  containing 

the  sample, back s c a t t e r i n g  from the  inc ident  beam, and othe- extraneous l i g h t .  

Detection and Analysis of Macromolecular Solute Molecules. A s  men- 

t ioned previously, l i g h t  s c a t t e r i n g  can be used t o  determine the  molecular 

weight and sh~.,,e parameters of macromolecules such a s  pro te ins ,  polynucleo- 

t i d e s ,  and high molecular weight carbohydrates i n  so lu t ion .  From the inten- 

s i t y  and angular d i s t r i b u t i o n  of the sca t t e r ed  l i g h t ,  the  weight average 

molecular weight and the  average radius of gyrat ion can be determined. When 

the  molecules i n  so lu t ion  a r e  much smaller than the wavelength of the inc i -  

dent l i g h t ,  s c a t t e r i n g  ~ c c u r s  uniformly i n  a l l  d i r ec t ions  and measurements of 

s c a t t e r e d  l i g h t  a t  a s ing le  angle w i l l  s u f f i c e  t o  obtain the  needed information 

about the  spec ies  i n  so lu t jon .  For l a r g e r  p a r t i c l e s ,  f o r  example, v i ruses  arid 

polynucleotides,  s ca t t e r ed  l i g h t  i n t e n s i t y  va r i e s  with the  angle due t o  

interfzrznce betzoen different par ts  ef i n d i u i ~ l 1 ~ ~ 1  mnlecnlar chains.  T n  t h i s  

case, t he  i n t e n s i t y  of the  sca t t e r ed  l i g h t  must be measured a t  varying angles 

and a t  d i f f e r e n t  concentrations.  The data  must then be  p lo t t ed  i n  such a 

fashion t h a t  measurements a r e  extrapolated t o  zero angle cnd i n f i n i t e  di lu-  

t i ons .  Such a p l o t ,  ca l led  a Z imm p l o t ,  enables ca lcu la t ion  of the  radius 

of gyrat ion from the s lope of the  l i n e  and molecular weight ca lcu la t ions  from 

t h e  in te rcept .  

The technique of l i g h t  s c a t t e r i n g  could be usefu l  i n  the analysis  

of macromolecular p a r t i c l e s  such a s  pro te ins  and nuc le ic  acids  separated by 

techniques included i n  the NASA space-processing program. For example, i t  

could d is t inguish  between pro te ins  o r  nuc le ic  ac ids  of d i f f e r en t  molecular 

weights o r  varying shapes. However, o ther  techniques of ana lys is  based on 



i~munologic o r  ca lor imet r ic  methods may be  prefer red  because of t h e i r  sim- 

p l i c i t y .  The t i m e  and ef  o r t  involved i n  construct ing a Zimm p l o t  can be a 7 
drawback f o r  t h i s  tpchnique. For l a r g e r  p a r t i c l - s ,  recent ly  developed 

methods discussed i n  the  following sec t ion  could be of considerable value. 

Detection of SuspenGed P a r t i c l e s  

Light-scattering techniques provide a h ighly  v e r s a t i l e  method f o r  

counting and quant ifying proper t ies  of p a r t i c l e s  l a r g e r  than 0.5 p i n  sus- 

pension. Many types of par t ic le-counting and de tec t ion  instruments a r e  based 

upon the  p r inc ip l e  of l i g h t  s c a t t e r i n g  and use a va r i e ty  of de tec t ion  angles 

7nd c e l l  configurations.  For purposes of t h i s  discussion,  we s h a l l  consider 

devices which de tec t  l i g h t  s ca t t e r ed  from indiv idua l  p a r t i c l e s  a s  they t r a -  

verse a beam of incident  l i gh t .  Such instruments necessar i ly  a r e  flaw ins t ru -  

ments i n  which a d i lu t ed  sample s t r e a n  is  passed continuously through a 

detect ion c e l l .  A p a r t i c l e  suspended i n  a medium which has an index of refrac-  

t i on  d i f f e r en t  from the  p a r t i c l e  w i l l  s c a t t e r  l i g h t  by three  d i f f e r e n t  mech- 

anisms. These a r e  ex t e rna l  r e f l ec t ion ,  r e f r ac t ion ,  and d i f f r ac t ion .  The 

in t ens i ty  of thc  r e f l ec t ed  l i g h t  i s  dependent upon the angle of r e f l e c t i o n  

r e l a t i v e  t o  t h e  inc ident  beam and the  r e f r a z t i v e  index of t he  re la -  

r i r e  te  the merlilim. Similar ly,  t1e i n t e n s i t y  of the  re f rac ted  component is 

dependent upon the  angle of r e f r ac t ion  and the  r e l a t i v e  index of r e f r ac t ion  

of the c e l l  and transmittarlcy of the c e l l  t o  the p a r t i c u l a r  wavelength of the  

incident  l i g h t .  m e  d i f f r a c t i o n  component of the sca t t e r ed  l i g h t  r e s u l t s  from 

in te r fe rence  of l i g h t  wavefronts produced by the t o t a l  o r  p a r t i c l e  obs t ruc t ion  

of wavelengths by the  p a r t i c l e .  The i n t e n s i t y  and s i z e  of the  in t e r f e rence  

bands depend upon the  angle with respect  t o  the inc ident  beam, the  s i z e  of the  

object  , and the wavelength of i l luminat ion.  

It can be shown theo re t i ca l ly (3 )  t h a t  f o r  c e r t a i n  s i z e  ranges of 

p a r t i c l e s  r e l a t i v e  t o  the wavelength of illumination the in t ens i ty  of t h e  

d i f f r ac t ed  l i g h t  a t  small  angles of s c a t t e r i n g  is  d i r e c t l y  proport ional  t o  



t he  volume of t he  suspended p a r t i c l e s .  Furthermore, the  in t ens i ty  is inde- 

pendent of va r i a t i ons  i n  the  r e f r ac t ive  index of the  p a r t i c l e s  and is very 

much g rea t e r  than t h a t  of t he  r e f l ec t ed  and re f rac ted  components. A very 

crude approximation which i l l u s t r a t e s  the  r e l a t i v e  i n t e n p a t i e s  of these com- 

ponents is shown below. 

w. 1 Diffracted component 

Reflected and refracted 
, _ component 
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FIGURE 10. RELATIVE IETENSITIES OF DIFFRACTED, 
R.EFLECTEI1, AND REFRACTLD LIGHT BY 
LARGE PARTICLES 

It should be noted t h a t  t h i s  f i gu re  does not  show any f i n e  s t r u c t u r e  

va r i a t i ons  due t o  the i n t e r n a l  s t r u c t u r e s  of the  p a r t i c l e s  i n  the r e f r a c t i v e  

and reflectiv. .  components. 

One can r t ; ~ ' ~ l y  surmise from t h i s  diagram t h a t  measurement of 

s c a t t e r e d  l i g h t  a t  '1 angles g rea t ly  increases  t he  p o t e n t i a l  s e n s i t i v i t y  

of t h e  system s i n c e  thht i n t c n s i t y  a t  3" is roughly 100 times the  i n t e n s i t y  a t  

20P. 

The r e f r ac t ive  and r e f l e c t i v e  components of s ca t t e r ed  l i g h t  ar? 

dependent upon the  r e f r a c t i v e  index of t he  p a r t i c l e  and t o  changzs i n  the 

r e f r a c t i v e  index within the  p a r t i c l e  i t s e l f .  Therefore, measurement of the  

sca t t e r ed  i n t e n e i t y  is a function of the  angle of s c a t t e r i n g  and reveals  

f ea tu re s  of the i n t e r n a l  s t r u c t u r e  of the  p a r t i c l e  and can be used t o  d i s t i n -  

guish one p a r t i c l e  from another,  For example, l a s e r  l i g h t  s c a t t e r i n g  can be 



used i n  the  c i a s s i f i c a t i o n  of bac ter ia .  (4) The s i z e  and the  elements of 

the  d i e l e c t r i c  s t r u c t u r e  of a bacterium can be determined by examination of 

its l igh t -sca t te r ing  pz t t e rn  over a range of angles from 0 t o  90 degrees. 

In  the above reference,  the author s tud ied  tne e f f e c t  of var ious chemicals 

and therapcsutic agc ,~ t s  on the c e l l s  and was ab le  t o  demonstrate membrane 

e f f e c t s  and changes i n  s i z e  induced by these  agents.  The b a c t e r i a l  c e l l  may 

be regarded a s  a sr,I:ere with a uniform i n t e r i o r  region ( i . e .  , cytoplasm) sur- 

rounded by a she l l - l ike  s t ruc tu re  ( the  c e l l  wal l) .  These two s t r u c t u r e s  

have d i f f e r e n t  ind ices  of r e f r ac t ion  which r e s u l t s  i n  a va r i a t i on  of sca t -  

t e r ed  l i g h t  i n t e n s i t y  a s  the  a t g l c  fa changed. A p a r t i c u l a r  type of c e l l  can 

then have a c h a r a c t e r i s t i c  f i nge rp r in t  which can be  used a s  a method of detec- 

t l cn  . 
Applications of these pr inc ip les  w i l l  be discussed i n  a fu tu re  

sec t ion  of t h i s  repor t  e n t i t l e d  "Multiparameter Cel l  Analysis Systems". 

L f g h t - S c s t t e r i n ~  Densitometry. Another va r i a t i on  of l igh t -sca t te r -  - 
i n s  techniques t o  de tzc t  p a r t i c l e  bands was described by S t r i c k l e r .  ( 5 )  This 

technique a s  : r ig ina l ly  described is used t o  de t ec t  bmds  e i t h e r  v i s u a l l y  o r  

photographically. A schematic diagram of t h i s  system is shown below. 

Light 

Separation cell 

source I I 

vlew~nq d~rcction 
(visual or photoqraphic) 

FIGURE 11. SCHEMATIC DIAGRlLhi OF CROSS-SECTION ILLUMINATOR 



The separat ion c e l l  is i l luminated a t  an oblique angle by an 

incandescent lamp. The l i g h t  then passes through a condensing l ens  and a 

s l i t  i n t o  the  separat ion c e l l .  On the opposite s i d e  of t he  separat ion c e l l ,  

t he  bands may be viewed at an angle of approximateiy 90 degrees t o  the inc i -  

dent l i g h t .  Light s c a t t e r e d  by the  p a r t i c l e s  within the separat ion c e l l  

makes them appear b r igh te r  than the surrounding medium and thus they can be 

visual ized.  This technique can be used t o  scan an a rea  of the  separat ion 

c e l l  approximatelj. 2 cm i n  width. I f  one wishes t o  view a l a r g e r  area, the 

l i g h t  source and s l i t  can be moved up and down accordingly. The lower l i m i t  

of p a r t i c l e s  de tec tab le  by th i s  method is 0.1 p .  ( 6 )  with l a r g e r  p a r t i c l e s  

(0.5 p ) ,  t he  lower l i m i t  of s e n s i t i v i t y  i n  terms of concentration i n  0.- 

percent.  'The r a t h e r  r e l a t i v e l y  low s e n s i t i v i t y  of t h i s  system is due t o  

t he  f a c t  t h a t  the  s c a t t e i e d  l i g h t  is v isua l ized  a t  on angle of 90 degrees 

from the inc ident  l i g h t .  

Greater s e n s i t i v i t y  with t h i s  type of system could be a t t a ined  b:r 

measuring the  i n t e n s i t y  of the  sca t t e r ed  l i g h t  a t  a very low angle r e l a t i v e  

t o  t he  inc ident  beam. One could devise a l igh t -sca t te r ing  densitometer a s  

shown i n  the  diagram below. 

Light souyce 

-Sample traverses light helm 

Sample with various 
concentration zones 

Slit  

Photocell 

Incident light stop 

FIGURE 12. SCrIEMA'IIC DIAGRAM OF LOW-ANGLE 
LIGHT-SCATTERING DENSITOMETER 



fie sens ing  system could be arranged t o  t r a v e r s e  t h e  e n t i r e  l e n g t h  

of t h e  s e p a r a t i o n  c e l l  and measure va r ious  concen t ra t ion  g r a d i e n t s  w i t h i n  t h e  

c e l l .  On oqe s i d e  of t h e  c e l l ,  t h e  l i g h t  source  and s l i t  could be placed.  

On t h e  oppos i t e  s i d e ,  a t r ansmi t t ed  l i g h t  s t o p  and pho toce l l  could be  arranged 

t o  measure t h e  i n t e n s i t y  of t h e  s c a t t e r e d  l i g h t .  The ang le  of t h e  s c a t t e r e d  

l i g h t  r e l a t i v e  t o  t h e  i n c i d e n t  l i g h t  could  be  neasured a t  approximately 5 ' .  

By using an i n t e n s e  l i g h t  source  such as a l a s e r ,  t h e  s e n s i t i v i t y  of t h i s  

system could be improved by a t  least two o r d e r s  o f  magnitude above t h a t  of 

S t r i c k l e r ' s  system. The l i g h t  source and p h o t o c e l l  could Le designed t o  t r a -  

vel 'se t h e  s e p a r a t i o n  c e l l  a t  t h e  same r a t e .  This system should have consid- 

e r a  le s e n s i t i v i t y  f o r  p a r t i c l e s  - l a r g e r  than 0.1 p .  

Nephelometry. Anotiier v a r i a t i o n  of d e t e c t i o n  methods based upon 

l i g h t  s c a t t e r i n g  can be grouped under t h e  genera l  haadings of nephelometry. 

I n  essence,  ins t ruments  of t h i s  type measure t h e  s c a t t e r e d  l i g h t  u s u a l l y  a t  

an angle  of 90 degrees r e l a t i v e  t o  LSe i n c i d e n t  l i g h t .  The schematic d ia-  

gram of a nephelometer is  s h o w  below. 

0 Photocell 

!. : ~ h t  Sample 

FIGURE 13. SCHEMATIC DIAGRAM O F  A NEPHELOPZTER 

source 
0 I 
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Nephelometry i s  used i n  a wide v a r i e t y  of a p p l i c a t i o n s  : which t h e  

concentra t ion of suspended p a r t i c l e s  i r ~  ma t te r  is nzasured.  T., techrrique is 

h i g h l y  s e n s i t i v e  f o r  r e l a t i v e l y  small c ~ n c e n t r a t i o n  of suspended m a t e r i a l  a i ~ d  

I 3 Light trap 



has the  advantage i h a t  there is zero s igna l  a t  zero concentration. A very 

broad range of p a r t i c l e  concentrations can general ly  be measured with ~.eph- 

elometr ic  wthods .  A t  h igher  concentrations,  however, the  s e n s i t i v i t y  of 

t he  instrument can decl ine because the  sample can become so  opaque t h a t  suf- 

f i c i e n t  l i g h t  cannot e n t e r  i t  t o  produce a measurable readings. A s  i n  l i g h t  

s c a t t e r i n g  photometry, care  qus t  be taken t o  exclude a l l  types of s t r a y  

l i g h t  which can come from the l i g h t  t r a p ,  the  lens ,  o r  the surface of the  

sample tube. A common source of e r r o r  can be caussd by bxbbles i n  the  

sample and care  m t i s t  be  taken t o  avuAd ouch bubbles. 

Synopsis of Light-Scattering Techniques 

I n  t h e  above sec t ions ,  a number of measuremelit methods based on 
v 

l i g h t  s c a t t e r i n g  have been discussed with respect  t o  t h e i r  relevance t o  t he  

NASA program. Each 02 the  various methods has c e r t a i n  advantages and disad- 

vantages f o r  measurement of b io logica l ly  derived p a r t i c l e s .  The t ab l e  on 

t h e  following page summarizes some of the  poin ts  made i n  the t ex t .  

Polarimetry 

h i a r g  . mber of b io logica l ly  derived molecules i n  so lu t ion  have 

t h e  ?roperty c E  r o t a t i n g  the plane of plane-polarized l i g h t .  The measurement 

of t h i s  r o t a t i o n  of polar ized l i g h t  is termed p o l a r i r e t r y  anc! t h i s  technique 

can serve as a method of analysis  under proper conditions.  The p r inc ip l e  of 

a polarimeter is quice s i q l e .  Monochromatic l i g h t  i~ ssed through a polar- 

i z e r  and then ihmugh the  sample. It then passes through an enalyzer and 

f i n a l l y  impinges on a photocel l .  The analvzer cons i s t s  of a po lar iz ing  crys- 

t a l  which can be ro ta ted .  As the  analyzer is  ro ta ted  t o  correspond t o  t he  

po la r i za t ion  plane of the l i g h t  emerging from the sample, the in t ens i ty  of 

t he  l i g h t  on the  photocel l  increases.  Using the o p t i c a l  n u l l  p r inc ip l e ,  

t he  amount of ro t a t ion  which occulred i n  the passage of l i g h t  through the  

sample can chen be determined. Several polarimeters a r e  automated and 
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present  d i g i t a l  output data  i n  the forn. the  degrees of ro t a t ion  occur- 

r i ng  i n  t he  sample. 

Compounds which have the property of ro t a t inp  plane-polarized 

l i g h t  a r e  those which possess molecular asymmetry. A grea t  many b io log ica l  

molecules f a l l  i n t o  t h i s  category and thus carbohydrates, amino acids ,  pro- 

t e i n s ,  nus l e i c  ac ids ,  vitamins, minerals,  and o ther   compound^ ?-ill r o t a t e  

l i g h t .  

'Fie e x t e s t  of the rctati-on is r e l a t ed  t o  the CO,~.. : : ;: t4-an of the 

r o t a t i n g  compou,.d by the  following expression. 

a = LC [ a ]  

where a is  +.he observed ro t a t ion  i n  degrees, [a] is the s p e c i f i c  ro t a t ion  of 

the  compound, 1, is the length of the c e l l  in decimeters, and C is the concen- 

t r a t i o n  of the. compound i n  g/ml. The s p e c i f i c  rocat ian of a  given compound is 

dependent upon the wavelength of the, l i g h t ,  the ermperatl r e ,  and the pH of the  

so lu t ion .  Since the  concentration term is expressed i n  g/ml, t:ie vnkuown sub- 

s tance  must be present  i n  f a i r l y  h4gh concentration. The most sensitive 

polarimeters a r e  accurate  LO O.OOL '. ' 1 l . i ~  w o ~ l d  enable de tec t ion  of amounts 

of s o l u t e  i n  the  range of 100 vg!ml de??-idir,e, of course. on the  magnitude of 

t h e  s p e c i f i c  ro ta t ion .  

Polarimeters ~onven t iona i ly  operat2 i n  a d i s c r e t e  s a - ~ l e  mode but  

can b e  adapted ts work i n  a  flow-cell operat icn.  Sucll a  system is described 

i n  a  paper by ~ a l t z m a n ' ~ )  a.lJ ~ h o u i d  be t2ap:able t o  o?er r t ion  with a  sepnri- 

t i o n  device. The usefulqess af sucIa 3 sysL,*m vcirld bc l imited,  however, 

because of the  lnrge  rzampl; volume required, the hh;'- concentrat ions,  and the 

r e l a t i v e l y  slow r2era t ion  of the  po la r i a  e r .  

In s p i t e  of the several drawbacks, po1arirwr.q' dr-0.5 :,ave some rdvan- 

tages.  The techniqv.~ can t o l e r a t e  a c e r t a i n  degree of t ~ c b i a i t ) :  md  c),lc.: 

backgrclund i n  t h e  sample and i s  capable of de tec t ion  c.f a  wid. raage of corn- 

pounds. 



Flow Microcalorimetry 

Flow microcalorimetry is a r e l a t ive ly  new technique which may be 

of potent ia l  value f o r  analyzing the separated products obtained from the 
. - 
..*SA space-processing program. The technique is based upon the  f a c t  tha t  

almost every process, whether i t  be physical, chemical, o r  biological ,  is 

accompanied by heat evolution o r  absorption. The amounts of heat  involved 

i n  any given qrocess is related t o  the  i n t r i n s i c  propert ies  of tha t  process 

and on the  amount of material undergoing a change. The use of flow micro- 

calorimetry fo r  analysis  of biological  systems has a pa r t i cu la r  advantage i n  

nontransparent and impure solut ions which a r e  d i f f i c u l t  t o  analyze by pho- 

tometric methods. The flow ricrocalorimeter  which is the bas is  f o r  t h i s  tech- 

nique was developed i n  1969 by Monk and Wadso. (8) m e  apparatus is a twin 

calorimeter which u t i l i z e s  a heat-conduction principle.  Heat evolved i n  the 

reaction c e l l  is conducted through the surrounding thermopile t o  a metal heat  

sink. The difference i n  potent ia l  generated by the  thermopile surrounding 

the reaction c e l l  and the reference thermopile is then used t o  quant i ta te  the 

amount of heat involved i n  the  process. 

A diagram of the calorimeter is shown below. 

Sample outlet 
'4 

Reaction 
cell 

Heat sink 

Twin thermopiles _1/ \ t ieat exchange unit 

FIGURE 14. SCHEMATIC DIAGRAM OF now MICROCALORIMETER 



m e  biological  applicat ions of flow microcalorimetry have been 

described i n  a rider of recent publications. (9,101 In  these papers, the 

use of flow microcalorimetry f o r  the determination of several  enzyme co?- 

centrat ions and subs t ra te  concentrations is described. The process can a l s o  

be used f o r  the  determination of antibody-antigen in terac t ions  and binding 

of substances t o  macromolecules. In essence, any in terac t ion  of the  mole- 

cules being analyzed which adsorbs o r  evolves heat  enables quanti tat ion of 

t h a t  pa r t i cu la r  substance. The s p e c i f i c i t y  of the  technique depends upon 

the  spec i f i c i ty  of the b io logica l  in terac t ions  involved. For example, i f  

one wishes t o  quant i ta te  the  presence of a c e r t a i t ~  enzyme, one adds t o  the 

solu t ion  a spec i f i c  subs t ra te  fo r  tha t  pa r t i cu la r  enzyme. I f  the  subs t ra te  

is added i n  excess, the  amount of heat evolved is re la ted  t o  the  concentration 

of the  respective enzymes. Ccnversely, one can measure the  concentration of 

the  subs t ra te  of a given enzyme by adding the appropriate enzyme t o  the reac- 

t ion  mixture. The usefulness of t h i s  technique is, of course, l imited t o  

those substances which can be made t o  undergo a spec i f i c  in terac t ion  under the 

conditions of the  flow ce l l .  

The sens i t iv i ty  of the flow microcalorimetry technique is qui te  

high and can be used t o  de tec t  micromolar quanti t ies .  The instrument is 

now available commercially a s  the LKB 10700-1 flow calorimettr  and is described 

i n  the  instrument sect ion of t h i s  report.  

Because t h i s  technique is s t i l l  i n  its infancy and does not yet  heve 

a broad appl. 'cability, it is not l ike ly  t o  be of inunediate usefulness f o r  the  

NASA program. u- ever, the  potent ia l  of t h i s  method is su f f i c i en t  t o  warrant 

its inclusion i n  t h i s  report.  

Radioactivity Detection Methods 

A given element is defined a s  radioactive when the  nucleus of the 

element undergoes a spontaneous change accompanied by the emission of p a r t i c l e s  

and the 'lormation of the nucleus of a new element. Emission of p a r t i c l e s  is 

o f t an  accompanied by high energy electromagnetic radiat ion and the  products of 



t h e  decomposition process can be detected by a number of s e n s i t i v e  techniques. 

Because of the  high s e n s i t i v i t y  of detect ion,  t h e  use of rad ioac t ive  t r a c e r s  

has  been of tremendous use i n  chemistry, biology, and medicine i n  the  l a s t  25 

years.  In t h i s  sec t ion ,  we w i l l  descr ibe the  b a s i c  kinds of r ad ioac t iv i ty ,  

the  detect ion of rad ioac t iv i ty ,  and the  appl ica t ion  t o  b io log ica l ly  derived 

sys  tens.  

Radioactive decay is a f i r s t -o rde r  process i n  which the  in t eg ra t ed  

form can be  described by the  following 

where A. is the i n i t i a l  a c t i v i t y  a t  the  beginning of the  decay period, t is 

t h e  time of the  decay period, X is the decay constant ,  and A is t h e  a c t i v i t y  

at t h a t  p a r t i c u l a r  time. The u n i t  of r ad ioac t iv i ty  is the  cu r i e  ( 1  c u r i e  

[Ci] is 3.7 x lolo d i s in t eg ra t ions  per  second). In  experiments employing 

radioact ive t r ace r s ,  l e v e l s  of r ad ioac t iv i ty  commonly employed a r e  i n  the  

microcurie t o  m i l l i c u r i e  region. The s p e c i f i c  a c t i v i t y  of a l abe l l ed  c o w  

pound is  typ ica l ly  described i n  terms of pCi/mM. 

Since radioact ive decay is a f i r s t -o rde r  process,  any given radio- 

ac t ive  element m.y be character ized by its ha l f - l i f e .  Radioisotopes are fur- 

t h e r  character ized by the type and energy of the  emitted rad ia t ion .  The 

energy of t he  emitted rad ia t ion  is usual ly expressed i n  terms of e l ec t ron  
3 6 v o l t s  and runs i n  the range of 10 x 10 (keV) t o  100 x 10 (Ma). Three 

types of radioact ive decay w i l l  be considered i n  t h i s  discussion. These a r e  

alpha rad ia t ion ,  be t a  rad ia t ion ,  and gamma rad ia t ion .  The c h a r a c t e r i s t i c s  

of each of these types a r e  discussed below. 

Alpha Decay. Alpha decay occurs when an alpha p a r t i c l e  (helium 

nucleus) is e j ec t ed  from the radioact ive nucleus. For each type of t r ans i -  

t i on ,  monoenergetic p a r t i c l e s  a r e  emitted and thus alpha r ad ia t ion  occurs  i n  

d i sc re t e  l i n e s .  Alpha emission may o r  may not  be  accompanied by gamma 

emissions. Since alpha p a r t i c l e s  a r e  pos i t i ve ly  charged, they i n t e r a c t  



with electrons of atoms along t h e i r  path through matter. Since the  cross- 

sec t ion  of electrons is  much greater  than tha t  of the  nucleus, the  in ter -  

acLion of alpha pa r t i c l e s  with matter occurs very frequently. From a 

p rac t i ca l  aspect,  t h i s  means tha t  alpha pa r t i c l e s  cannot penetrate t o  any 

depth i n  matter and a re  s ign i f i can t ly  absorbed when passing through a gas. 

Because of t h i s ,  alpha emit ters  a r e  of very limited value i n  t r ace r  s tudies 

and w i l l  not be discussed i n  fur ther  d e t a i l  i n  t h i s  report.  

Beta Decay. Three modes of be ta  decay e x i s t  and these a r e  negatron 

emission (or be ta  - ciecay), positron emission (or be ta  + decay), and e lec t ron 

capture. In  be ta  - decay, the atomic number increases by one unit .  Most 

be ta  emit ters  a l so  emit gamma radiation. I n  b io logica l  s tudies ,  the  be ta  

emitters used most frequently a r e  3 ~ ,  14c, 3 2 ~ ,  3 5 ~ ,  36~1, and 4 5 ~ a  because 

these elements are found frequently i n  biological ly derived molecules. In 

contrast  with alpha and gamma-ray emission, beta-ray spect ra  a r e  coritinuous, 

and i n  counting, one chooses a ra ther  broad window which is charac te r i s t i c  

of the  peak energy level .  The isotopes referred t o  above have re l a t ive ly  

low energies but  can be distinguished from one anothtr i n  most cases by proper 

se lec t ion  of the  appropriate windows. This w i l l  be described l a t e r  i n  counting 

techniques. 

When beta  pa r t i c l e s ,  both posi t ively and negatively charged, pass 

through matter, they in te rac t  with the electrons of atoms i n  t h e i r  path. 

Since they a r e  of s igni f icant ly  smaller mass than alpha pa r t i c l e s ,  t h e i r  

veloci ty is considerably greater .  They can penetrate matter t o  a greater  

extent  than can alpha pa r t i c l e s .  However, i n  a p r a c t i c a l  sense, when count- 

ing beta  a c t i v i t y ,  one must essent ia l ly  consider they cannot penetrate through 

the walls  of a vessel  such a s  a glass t e s t  tube. When a be ta  p a r t i c l e  in ter -  

a c t s  while passing through matter,  i t  can lose  energy by emitting electromag- 

n e t i c  radiat ion i n  the X-ray spec t ra l  region. This radiat ion is referred t o  

as Bremsstrahlung. High-speed beta  rays a l so  i n t e r a c t  with matter t o  cause 

emigsion i n  the u l t r av io le t  and shor t  v i s ib le  regions. 'Lhis radiat ion is of 



lower in tens i ty  and is  known as Cerenkov radiat ion.  In ce r t a in  sys tem,  

Cerenkov radiat ion can be used as a d e t e c t i o ~  method fo r  be ta  energy. 

Because of the low penetration of be ta  pa r t i c l e s  through matter, 

the  absorption of be ta  energy by the emitting medium i t s e l f  can become a 

serious problem when low-energy beta emitters a re  u t i l i zed .  For example, 

self-absorption losses f o r  t r i t ium a r e  so  grea t  tha t  solid sources a re  not 

p rac t i ca l  f o r  t r ace r  experiments. A be ta  emit ter  such a s  14c which is 0.1 m 

thick would self-absorb approximately 45 percent of its t o t a l  energy. A 

source containing 3 2 ~  which has considerably higher energy of the  same thick- 

ness would self-absorb only 5 percent. TWO types of sca t t e r ing  of be ta  rays 

can complicate beta a c t i v i t y  measurement. These a r e  se l f -sca t ter ing  by the  

source i t s e l f  and back sca t ter ing .  The l a t t e r  is  a ref lec t ion  of beta rays 

from the  material underlying the  source. Beta rays which leave the  source 

i n  the d i rec t ion  away from the detector  can be sca t tered  back toward the  

detector.  This, of course, can increase the counting r a t e  and increase the  

eff iciency f o r  any given counting method. 

Gamma Decay. Gamma radiat ion occurs by a deexcitation of a nucleus 

without a change i n  atomic number. Gamma rays may be emitted promptly follow- 

ing alpha decay o r  beta decay o r  t h e i r  emission may be delayed. In contrast  

t o  alpha and beta  radiat ion,  gamma par t i c l e s  possess no measurable mass. 

Theg a re  monoenergetic and thus t h e i r  spectra cons is ts  of d iscre te  l ines .  

Since the gamma rays a re  not charged, b5en passing through matter they do 

not in te rac t  a s  frequently a s  do beta  pa r t i c l e s  o r  alpha pa r t i c l e s .  There- 

fore,  gamma rays can penetrate rather  deeply in to  a substance along t h e i r  path- 

way and t h i s  property has made them very valuable f o r  biological  and medical 

purposes. For purposes of t h i s  discussion, gamma rays in te rac t  with matter i n  

three d i f ferent  ways. In the  f i r s t  e f f e c t ,  ca l led  the  photoelectr ic  e f f e c t ,  a 

gamma ray in te rac t s  with an atomic electron and t r ans fe r s  its e n t i r e  k ine t i c  

energy t o  tha t  electron. This electron then loses  i t s  energy by ion p a i r  pra- 

duction and fur ther  exci tat ion.  The probabil i ty of an occurrence of the photo- 

e l e c t r i c  e f f e c t  var ies  approximately as the atomic number t o  the  f i f t h  number 



f o r  the absorber atoms. Thus, materials  of high atomic number, such as lead, 

a r e  much more e f f i c i e n t  absorbers of gamma radiat ion than materials of low 

atomic number. 

A second in terac t ion  which gamma p a r t i c l e s  can undergo is known as 

the  Compton e f f e c t  and occurs when a gamma ray t ransfers  a portion of i ts 

erergy t o  a loosely bound electron. The excited e lec t ron can then expand 

its energy by causing exci ta t ion  and ion p a i r  fortnation. The probabil i ty 

f o r  t h i s  type of in terac t ion  is approximately proportional t o  the  atomic 

weight of the  absorber. 

A t h i r d  type of in terac t ion  which occurs fo r  higher energy gamma 

rad ia t in  is the  d i r e c t  production of an ion pai r .  The probabil i ty of t h i s  

in terac t ion  (which occurs only a t  energies grea ter  than 1.2 MeV) is propor- 

t i o n a l t o  the  atomic number squared of the absorber. 

I n  cont ras t  t o  the s i tua t ion  with be ta  rays, self-absorption of 

gamma rays is qui te  low and, except f o r  very zccurate work, does not cause 

a s igni f icant  source of e r ro r .  

Detectors of Nuclear Radiation 

Detection of nuclear radiat ion can be accomplished by severa l  

means, and these a r e  outlined i n  the sect ions tha t  follow. 

Ionizat ion Chambers. An ionizat ion chamber consists  of a vessel  

which contains a gas and two electrodes. A s  the radia t ion  from the source 

passes through the gas, ion pa i r s  a re  produced which r e s u l t  i n  an e lec t ronic  

pulse between the two electrodes. The s i z e  of the pulse is proportional t o  

the energy of the incident radiat ion,  

Gas-Filled Proportional Counters. A gas-f i l l e d  proportional counter 

operates on a pr inc ip le  s imi lar  t o  an ionizat ion chamber i n  tha t  ion p a i r s  

produced by the  incoming radiat ion produce a current beween two electrodes i n  

the  chamber. In contrast  t o  the ionizat ion chamber, however, the applied 



po ten t i a l  between the  two e lec t rodes  is s u f f i c i e n t  t o  cause ampl i f ica t ion  of 

t he  o r i g i n a l  i n t e r ac t ion  between the  r ad i a t ion  and an electron.  Typical 
4 

amplif icat ion f ac to r s  range f ron  10' t o  10 . The term proport ional  is used 

because t h e  output current  pu lse  is proport ional  t o  the  energy of t he  

incoming radiat ion.  This c h a r a c t e r i s t i c  of a gas-f i l led proport ional  

counter nakes poss ib le  t he  use of pulse-height discr iminat ion t o  d i s t i ngu i sh  

between r ad ia t ion  of d i f f e r e n t  energy l eve l s .  

Geiger-Muller Tubes. The Geiger-Muller (GM) tube operates  on 

same p r inc ip l e  as a gas-proportional counter except t h a t  t h e  p o t e n t i a l  between 

the  e lec t rodes  is even higher .  It cannot d i s t inguish  between d i f f e r e n t  energy 

l eve l s  of the  incoming rad ia t ion  and therefore  4s not a propor t iona l i ty  

counter. The G M  tube requi res  l i t t l e  amplif icat ion a ~ d  thus systems based 

on the  G M  tube a r e  r e l a t i v e l y  simple. 

S c i n t i l l a t i o n  Detectors.  Nuclear rad ia t ion  can i n t e r a c t  with cer- 

t a i n  types of adsorber mater ia l s  t o  produce a photon i n  t he  v i s i b l e  o r  u l t r a -  

v i o l e t  regions. Such adsorbers a r e  designated a s  s c i n t i l l a t o r s .  A s c i n t i l l a -  

t i o n  de tec tor  cons i s t s  of a s c i n t i l l a t o r  which is o p t i c a l l y  coupled t o  a 

photomult ipl ier  tube. Several types of s c i n t i l l a t i o n  de tec tors  can produce 

output vol tage pulses w!lich are proport ional  t o  t h e  energy of t he  incoming 

r ad ia t ion  and thus can discr iminate  between various energy l eve l s .  Scin- 

t i l l a t o r s  can b e  placed i n  t h r e e  categories:  inorganic,  organic,  and gaseous. 

Inorganic s c i n t i l l a t o r s  a r e  i on ic  c r y s t a l s  which can bc exc i ted  by ion iz ing  

rad ia t ion .  Fluorescence occurs when the  e n t i r e  c r y s t a l  deexci tes .  Organic 

s c i n t i l l a t o r s  emit l i g h t  a s  ind iv idua l  m o l ~ c u l e s  undergo e l ec t ron ic  deexcita- 

t ion. 

Semiconductor Detectors.  Ionizing r ad ia t ion  r e a c t s  with semicon- 

ductor de tec tors  by producing e lec t ron  whole p a i r s  i n  the so l id .  An e l e c t r i c a l  

s i g n a l  is obtained by separa t ing  and co l l ec t ing  the  ion whole p a i r s  and the  



number of such pa i r s  is proportional t o  the  energy l eve l  of the  radiation. 

Such detectors  a r e  commonly made from germanium and s i l i c o n  which a r e  

d r i f t e d  with lithium. L i t h i m d r i f t e d  s i l i c o n  detectors  can be operated 

a t  room temperature. Germanium-lithium detectors  must be cooled t o  l iquid  

nitrogen storage fo r  operation and storage a s  well. SemiconGuctor detectors  

have ce r t a in  advantages aver gas detectors  i n  tha t  they have b e t t e r  spec t ra l  

resolution. 

Photographic Emulsions. Ionizing radia t ion  impinging upon a s i l v e r  

ha l ide  emulsion ac t iva tes  the s i l v e r  hal ide and provides a permanent record 

of the  in terac t ion .  Thus, by placing a photographic p l a t e  next t o  a radio- 

ac t ive  source, one can determine the amount of radiat ion over a given period 

of t i m e  by measilrement of the o ~ t i c a l  density of the  developed photographic 

p la te .  In cases where a given sample may contain ;*d!.oactive substances i n  

d i f fe ren t  portions of its surface, the  photographic p l a k  can be used t o  

determine the  location of the radioactive source. The disadvantage of pho- 

tographic emulsions is tha t  they cannot give a real-time measurement and 

t h a t  they a r e  less sens i t ive  than the  other methods mentioned above. 

Thermoluminescent Detectors. A thermoluminescent detector  emits 

l i g h t  when it is heated a f t e r  exposure t o  radiat ion.  This l i g h t ,  which is 

i n  the  v i s i b l e  spec t ra l  region and whose in tens i ty  increases with increased 

exposure t o  ionizing radiat iov,  can be detected by a photomultiplier tube. 

'i?lermoluminescent detectors  a re  frequently used i n  dosimetry because they can 

i n  e f f e c t  in tegra te  the t o t a l  exposure ,C ionizing radiat ion a t  a given site 

over a period of time. 



Charac ter i s t ics  of Radiation 
Measurement Systems 

A number of f ac to r s  a r e  important i n  determining the  s e n s i t i v i t y  

and accuracy of de tec t ion  of nuclear  rad ia t ion .  One of t h e  most important 

of these is t h e  geometry fac tor .  h radioact ive source emits r ad i a t ion  i n  

a l l  d i rec t ions .  Thus, a de tec t ion  system which would in t e rcep t  ever; dis- 

integrat ior .  from the  source would i d e a l l y  be arranged i n  t he  form of a 

sphere around the  source a t  the center .  I n  common usage, the  geometry 

f ac to r  r e f e r s  t o  t he  f r ac t ion  of the  sphere around the  source which is sub- 

tended by the s e n s i t i v e  volume of t he  de tec tor .  Detectors which subtend 

the  e n t i r e  sphere a r e  r e f e r r ed  t o  a s  having four-pi geomtry;  those subtend- 

ing  ha l f  t he  sphere a r e  re fer red  t o  a s  two-pi geometry. Below is an i l l u s -  

t r a t i o n  of a de tec tor  with a low geometry f ac to r .  
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FIGURE 15. EXAMPLE OF DETECTOR WITH LOW GEOMETRY FACTOR 

Another important f ac to r  which depends heavi ly upon the  geometry 

is the  e f f ic iency  of t he  de tec t ion  system. Efficiency is defined a s  t he  

percent of d i s in tegra t ions  from the  source which are d?tected by the  system. 

Efficiency is ,  of course,  a f fec ted  s t rongly by the  gecmetry of the  system. 

I f  only a small angle of the  sphere is subtended, the e f f i c i ency  w i l l  be rela-  

t i v e l y  low. It a l s o  is a f f ec t ed  by c h a r a c t e r i s t i c s  of t he  de tec tor  i t s e l f  

such a s  s e n s i t i v i t y  and resolving time. Other f a c t o r s  which can lower the  



e f f i c i ency  a r e  bbsorption of the  r ad i a t ion  by an intervening substance 

between the  source and de tec tor  and self-absorption. On the o the r  hand, 

e f f i c i ency  can be increased by back s c a t t e r i n g  from the  sample source. If 

pulse height  s e l ec t ion  is used i n  a counting procedure, counts below a cer- 

t a i n  se lec ted  l e v e l  w i l l  be re jec ted  and thus the e f f i c i ency  of t h e  process 

w i l l  be  reduced. 

Another important c h a r a c t e r i s t i c  of a de tec t ion  system using a 

pulse  de tec tor  is i ts resolving time which is the  minimum time required t o  

de t ec t  two successive pulses  separately.  A Geiger-Muller tube, f o r  example, 

is a r e l a t i v e l y  slow de tec tor  and requi res  100 t o  600 psec t o  resolve two 

pulses .  I n  comparison, s c i n t i l l a t i c n  de tec tors  can resolve pulses  from 

10 nsec t o  a psec. 

For purposes of t h i s  repor t ,  we w i l l  d iscuss  two kinds of ins t ru-  

mentation which can be coupled with the  de tec tor  t o  provide a nuclear  count- 

i ng  system. The f i r s t  of these is a simple pulse-counting system. This 

system can p r o v i d ~  e i t h e r  a t o t a l  count of pulses  over a measured period of 

ti= o r  can give an instantaneous average pulse r a t e .  Such a system is not 

capable of analyzing various pulse  heights  but  can have a pulse height  selec-  

t o r  which screens out pulses  below z. c e r t a i n  leve l .  The components of a 

t y p i c a l  pulse-counting system a r e  shown below. 
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FIGURE 16. ELEMENTS OF A PULSE COUNTER 
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Pulse-counting systems a r e  ava i lab le  a s  i n t e g r a l  u n i t s  o r  *s 

be purchased i n  separa te  components. A l a rge  number of companies IU,;IA- 

fac ture  the  separa te  components which a r e  commonly r e fe r r ed  t o  as nuclear  

instrument modules (NIM) . Thesr NIMS a r e  standardized with respect  t o  

physical dimensions, connectors, and power requirements. The a v a i l a b i l i t y  

of these modules is of advantage t o  NASA because a system can be assembled 

from these components t o  meet t he  s p e c i f i c  de tec t ion  requirements of t he  NASA 

experiments. 

A second type of detect ion system is a nuclear  spectrometer which 

can measure and analyze the  s p e c t r a l  d i s t r i b u t i o n  of nuclear  rad ia t ion .  Such 

a system analyzes the pulse  he ights  received from the  rletector which are pro- 

por t iona l  t o  t h e  energy of :he inc ident  rad ia t ion .  It is a l s o  e s s e n t i a l  t h a t  

the  preamplif ier  acd l i n e a r  ampl i f ie r  r e t a i n  t he  propor t iona l i ty  of t he  pulses  

reaching the  pulse-he:* t analyzer. 

Pulse-height at:alysis can be achieved by e i t h e r  a single-channel 

analyzer o r  a mu1ticha:mel analyzer.  A channel analyzer  cons i s t s  of a 

var iab le  lower-level discr iminator  and a var iab le  upper-level discr iminator  

which defines an energy window. In  radioisotope t r a c e r  s tud ie s ,  the  value 

of a spectrometer l i e s  i n  i ts a b i l i t y  t o  de t ec t  and discr iminate  s eve ra l  

radioact ive sources i n  the  presence of each o ther .  T h i ~  is, of course, 

dependent vys.1 the energy peaks of the  various sources being s u f f i c i e n t l y  

f a r  ap?.rt t o  b e  detected independently of each o ther .  In  t he  case of Ramma 

radir.tion i n  which the  emitted energy it, e s s e n t i a l l y  a l i n  , the  window can 

be f a i r l y  narrow and sti l l  a t t a i n  a good ef f ic iency .  I n  t he  case of be t a  

rad ia t ion  where the  emitted energy is continuous r a the r  than l i n e ,  a r a the r  

broad window must be se l ec t ed  t o  a t t a i n  good ef f ic iency .  I f  var ious isotopes 

a r e  counted i n  the  presence of each o ther ,  these windows can sometimes overlap. 

Instruments ava i l ab l e  today fo r  radiotrace*. s tud ie s  usual ly have th ree  chan- 

n e l s  ava i lab le  f o r  mult iple  counting. 



Techniques f o r  Beta Counting 

The most p o ~ u l a r  method of measuring b e t a  rad ia t ion  i n  t r a c e r  

s tud ie s  is l i q u i d  s c i n t i l l a t i o n  counting. This technique is espec ia l ly  

w e l l  su i t ed  f o r  measuring the a c t i v i t y  of the low-energy bet..\ eml t te ra ,  

3 ~ ,  14c, and 3 5 ~ ,  which a r e  commonly used i n  b io logica l  experiments. The 

method is read i ly  instrumented f o r  automatic counting of l a rge  numbers 

of samples and can simultaneously measure three  be t a  emi t te rs  i n  multiply 

l abe l l ed  samples. A number of reviews on l i q u i d  s c i n t i l l a t i o n  counting have 

been prepared and the  reader is e spec i a l ly  r e f e r r ed  t o  one by Kobayaski and 

Maudsley . (11) 

Since the range of penetrat ion of be t a  p a r t i c l e s  i n  any mediura is 

very sho r t ,  a primary requirement i n  s c i n t i l l a t i o n  counting f o r  bet* sources 

is t h a t  the  s c i n t i l l a t o r  be i n  irrtimate contact with the  radioact ive source. 

In  l i q c i d  s c i n t i l l a t i o n  counting, the  be t a  sou :e is e i t h e r  disso?.ved 01 

suspended i n  minute p a r t i c l e s  i n  a solvent  which contains a s c i n t i l l a  

which is a l s o  i n  solut ion.  Typically,  the solvent is toluene and co. '..& 

a primary s c i n t i l l a t c  r auch as 2,s-diphenyloxazol (PPO) and a secondary 

s c i n t i l l a t o r  such as 1, C b i s -  (5-phenyloxazol-2-yl) -benzene (POPOP). Also, 

s i n c e  the  radioact ive sample may not  be s t a b l e  i n  the organic solvent ,  a 

so lub i l i z ing  o r  dispersing agent can be added t o  the  so lu t ion .  The second- 

a ry  s c i n t i l i a t o r  absorbs the  l i g h t  emitted ! v v  t h e  primary s c i n t i l l a t o r  and 

reemits i t  a t  a longer wavelength a t  which the  photocel ls  a r e  more sens i t i ve .  

In  a t yp ica l  l i qu id  s c i n t i l l a t i o n  counter,  the  sample is placed i n  

a c y l i n d r i c a l  s l a s s  v i a l  of 10 t o  20 m l  approximate volume. The v i a l  is 

then placed i n  a l igh t - t igh t  semple wel l  between two photomult ipi ier  tubes. 

Because of t he  high gain required f o r  law-energy be t a  emi t te rs ,  background 

from the  photomultiplier is a problem. This background noise  can be 

reduced by cool ing the photomult ipl iers  and by the  use of two photomulti- 

p l i e r s .  The background noise can be dis t inguished between a s c i n t i l l a t i o n  

a r i s i n g  from a be t a  p a r t i c l e  by the coincident un i t .  In  a p r a c t i c a l  sense, 

t h i s  means t h a t  many s c i n t i l l a t i o n  counters muot operate st low temperatures 

and thus must have a r e f r ige ra t ion  un i t .  Recent developmt,,ts i n  photomulti- 

p l i e r  e l ec t ron ic s  have led  t o  l i q u i d  s c i n t i l l a t i o n  systems t h a t  can operate  



at room temperature. One of t he  problems with l i q u i d  s c i n t i l l a t i o n  count- 

ing i~ t h a t  the s c i n t i l l a t o r s  require  an organic solvent  fcr e f f ec t ive  

functioning. If the compound containing the  radiolahel  is no t  soluble  i n  

t he  organic ~ o l v e n t ,  a secondary solvent  such as methanol o r  d i o - ~ n e  can 

be added. However, a t  higher concen~ . a t i o n s  of the s e c o n i ~ . ~  solvents ,  

the e f f ic iency  of counting can be lowered. The elements of a s c i n t i l l a t i o n  

counter a r e  shown below. 

+ Light tight chambe1 
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FIGURE 17. SCHEMATIC DIAGRAM O F  L I Q U I D  SCINTILT 4 T I O N  COUNTER 



The major source of e r r o r  i n  l i qu id  s c i n t i l l a t i o n  counting systems 

is t h e  quenching or' the  scint i l1at io; l  by the  solut ion.  Quenching is caused 

by molecules having s t rongly  electronegat ive elements, such a s  water,  ketones,  

and organic ha l ides ,  which c o l l i d e  with s c i n t i l l a t o r s  and remove exc i t a t i on  

energy. For accurate  counting, t he  quenching of the  s c i n t i l l a t i o n  so lu t ion  

must be evaluated. This can be done by an i n t e r n a l  standard method i n  which 

a labe l led  compound of known a c t i v i t y  is added t o  t he  sample and the  counts 

per  minute determined. A second method by which quenching is determined is 

by an ex te rna l  standard method. In t h i s  case. an e x t r m a l  source of gamma 

rays can be used t o  introduce e lec t rons  i n t o  the  s c i n t i l l a t i o n  mixture. 

This method can be automated s o  t h a t  the ex t rena l  s tandard is rernoved from 

i t s  sh i e ld  and positioned near the  v i a l  a t  t he  appropriate  time i n  the  

counting schedule. Many of t he  commercially ava i l ab l e  l i qu id  s c i n t i l l a t i o n  

counting systems have an automated ex te rna l  s tandardizat ion method as p a r t  

of t h e i r  i n t e g r a l  system. 

The e f f i c i e n c i e s  commonly obtained i n  l i q u i d  s c i n t i l l a t i o n  counting 

f o r  14c a r e  a s  high a s  90 percent.  For t r i t ium,  e f f i c i enc i e s  range from 30 

t o  50 percent.  Another source of e r r o r  which can occur i n  l i q u i d  scintilla- 

t i o n  counting, p a r t i c u l a r l y  i n  law-energy emi t te rs  such as t r i t i um,  is 

fluorescence and phorphorescence of the  v i a l .  To avoid t h i s ,  t he  sample 

vials must be dark adapted f o r  a few hours before counting. 

The s c i n t i l l a t i o n  counting process described above is, of course, 

a d i s c r e t e  sample method of analysis  and is not useful  f o r  a f lowzel l .  

Monitoring the  a c t i v i t y  of a be t a  source i n  a flowing l i q u i d  stream is di f -  

f i c u l t  because of the  extremely low penetrat ion of t he  be t a  p a r t i c l e s .  

Systems have been devised u t i l i z i n g  s o l i d  s c i n t i l l a t i o n  de tec tors  i n  a 

cumber of d f f f e r e n t  configurations.  In  one configuration, as shown on the  

next  page, the  walls  of t he  flow c e l l  chamber a r e  coated with a s o l i d  scin- 

t i l l a t o r  such as naphthalene. I n  t h i s  case,  the  flow c e l l  must be extremely 

t h i n  t o  el iminate  b e t a  adsorption by the volume of so lu t ion .  Even under the  

t e s t  of conditions,  t he  e f f ic iency  of such a system is very low ( l e s s  than 1 

percent).  



7 Solution from separation device 
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FIGURE 18. now c ~ u s  FOR DETECTION OF BETA EMITTERS 

In  a second configuration, the  flow c e l l  cari be packed with pa r t i -  

cu la te  matter containing a s o l i d  s c i n t i l l a t o r  such a s  naphthalene in t e r -  

mixed with a polymer such a s  polymethylmethacrylate. The so lu t ion  then 

flows through the i n t e r s  i ce s  of the p a r t i c u l a t e  matter which gives o f f  

s c i n t i l l a t i o n  detected by a photocell .  Again i n  t h i s  con£ igura t ion ,  t he  

e f f ic iency  is qu i t e  low and t h i s  system can be used f o r  r e l a t i v e l y  high 

amounts OLE radioact ivi tv .  
(12) 

A flow c e l l  with higher e f f ic iency  has been devised by Mechanic. 

I n  t h i s  system, the e f f luen t  from a separat ion device is  mixed with the  

organic solvent  s c i n t i l l a t i o n  cock ta i l  and the  mixture is flowed d i r e c t l y  

i n t o  the  we l l  of a l i qu id  s c i n t i l l a t i o n  de tec tor .  Even with the  higher  

e f f ic iency  reported by t h i s  method, a r e l a t i v e l y  la rge  amount of radio- 

a c t i v i t y  is e s s e n t i a l  because the  resident  time i n  the  counter is much 

sho r t e r  than is desirable .  

The t h i r d  mode of de tec tor  configurat ion of i n t e r e s t  t o  the  NASA 

program, i . e . ,  detect ion wi th in  the  separat ion c e l l  i t s e l f ,  is not  p rac t i -  

c a l  with be t a  emi t te rs  because of the low penet ra t ion  of b e t a  p a r t i c l e s .  

The water phase used a s  a medium i n  the separat ion devices would i n  i t s e l f  

absorb mst of the b e t a  rad ia t ion  contained i n  t he  sample. Second, t he  

walls of the  device would absorb any rad ia t ion  reaching them. One poss ib le  

way of detect ion of be t a  a t  very low e f f i c i e n c i e s  within a separat ion c e l l  

would be t o  coat t he  inner  wal ls  of the device with a s o l i d  s c i n t i l l a t o r  



responsive t o  be ta  radiat ion.  Such a detector  could respond t o  beta 

emit ters  i n  t.he f l u i d  immediately next t o  the wall  and with high levels  

of radioact iv i ty  could be used t o  de tec t  concentration zones within the  

separat ion c e l l s .  

The d i sc re te  concentration zones of be ta  emitters can be detected 

i n  paper and thin-layer chrcmatographs and i n  paper o r  ce l lu lose  ace ta te  

electrophoretograms. A number of comercia1 instruments a re  available f o r  

t h i s  purpose and operate on the pr inc ip le  shown below. 
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FIGURE 19. RADIOCHROMATOGRAPH SCANNERS FOR BETA EMITTERS 

The sample passes over a collimator slit and radjat ion is detected 

i n  a glass gas-flow proportional counter. The detection c e l l  u t i l i z e s  a 

mixture of 90 percent argon and 10 percent methane f o r  proportional counting. 

It should be  emphasized tha t  t h i s  method of counting works only with very 

t h i n  samples aqd is not e f f i c i e n t  f o r  thicker samples such a s  ge l  electro- 

phoretagrams. To obtain maximum efficiency,  it is necessarv t o  have the 

slit as close as possible t o  the  surface of the sample. The resolut ion of 

the  device is, of course, determined by the  width of the  slit opening. 

An a l t e rna t ive  f o r  locat ing concentration zones on a chromatograph 

or  electrophoresis s t r i p  is autoradiography. I n  t h i s  system, a s i l v e r  ha l ide  

photographic p la te  is l a i d  d i rec t ly  on the  chromatograph and developed a f t e r  

a predetermined exposure period. The photographic p l a t e  can then be scanned 

densitometrically t o  get a quantitative, determination of the  amount of beta 



emitter present in the  various zones of the  saople. A disadvantage of t h i s  

method is the  amount of t i m e  required. Often exposmsof  severa l  veeks, and 

even months, a re  required with small amounts of radioact ivi ty.  

An a l ternat ive  t o  the  autoradiographic technique is a device 
(13) cal led a beta  camera. This device is described i n  a paper by Smith, e t  a l .  

This scanner productj a photograph i n  approximately 10 minutes and is thus 

much more rapid than the  autoradiographic technique. The system consis ts  of 

a spark chamber which lies d i rec t ly  above a chromatogram o r  electrophoresis  

s t r i p  and a camera mounted above the  spark chamber. In  the  spark chamber is 

an electrode grid consist ing of an anode and cathode. A radioact ive disin-  

tegrat ion causes a spark t o  jump the  electrode gap. The sparks are then 

recorded on the  photographic f i lm by a time exposure. Exposure timing can 

vary from 5 seconds up t o  1 hour, depending upon the  amount of radioact iv i ty  

present. After development of the film, the  posi t ion and amounts of the  

radioactive substancas can be quanti tated by standard densitometric tech- 

niques. The spark chamber is flushed with a mixture of 10 percent methane 

i n  argon and is sens i t ive  t o  low-energy beta  up t o  gamma emit ters .  Resolu- 

t ion  i n  the  system, of course, depends upon the spacing of the  electrode 

grid. Connnercially available beta cameras a r e  made by Baird Atomic and 

Picker, and an a ra lys i s  of t h e i r  performance is included i n  t h i s  report.  

Camera 
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FIGURE 20. SPARK CHAMBER BETA CAMERA 



Techniques f o r  Gamma Counting 

Gamma radiat ion can be detected by a variety of techniques such 

a s  gas proportional, thermoluminescence, and s c i n t i l l a t i o n  detectors. A t  

present, the  most widely used method is s c i n t i l l a t i o n  detection wtth a 

sodium iodide c r y s t a l  dcped with tantalum [NaI(TI1)]. Sodium iodide c rys ta l s  

of high uniformity can be grown t o  very large  s i zes ,  and t h i s  fac tor  

accmts f o r  the  wide use of the s c i n t i l l a t i o n  method. These c rys ta l s  have 

a good i n t r i n s i c  eff iciency and provide pulses with heights proportional t o  

the  emitted energy over a wide range of gamaa-ray energies. 

I n  pract ice,  the  sodium iodide c rys ta l  is coupled opt ica l ly  with 

a photomultiplier tube and a s imi lar  type of electronics can then be u t i l -  

ized fo r  analyzing the output as is used i n  beta  s c i n t i l l a t i o n  techniques. 

For d iscre te  sample analyses, one of the most frequently used configurations 

is the  well-type s c i n t i l l a t i o n  detector  which is shovn below. 

No1 (T#) crystal with hole in center 

Optically coupled Photomultiplier 

I 
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FIGURE 21 CAMMA SCINTILLATION DETECTOR 



In  t h i s  detector ,  a hole is d r i l l e d  axia l ly  i n  the  center  of a 

7odiun iodide crys ta l  and the sample placed i n  the  hole. This configuration 

supp'ies excellent geometry and resu l t s  i n  good counting eff iciency.  A 

pho tmul t ip l i e r  tube is coupled op t i ca l ly  with the  c rys ta l  and the  system 

is 8:nclosed i n  a l ight - t lght  box. Cylindrical c rys ta l s  of sodium iodide 

arc available i n  a wide range of diameters and thicknesses and have been 

made as  large as 76 cm i n  diameter. Crystals 7.6 K 7.6 cm have now . 

become the  standard s i z e  used i n  a great  many gamma-ray s c i n t i l l a t i o n  detector  

systems. A c rys ta l  of t h i s  s i z e  with a hole d r i l l e d  ax ia l ly  is su i t ab le  fo r  

samples having a volume of 1:5 ml .  

The eff iciency of the  sodium iodide detector  depends upon i ts 

a b i l i t y  t o  intercept  the  gamma rays emitted by the  sample. The higher 

the  e n e r p  of the  gamma radiat ion,  the  l e s s  e f f i c i e n t  w i l l  the  sodium 

iodide c r y s t a l  be. Efficiencies of course can be improved by enlarging 

the s i z e  of the crystal.Because of weight, s i ze ,  and cost  considerations, 

c rys ta ls  l a rge r  than 8 t o  10 c m  are not  commoniv used. 

Semiconductor detectors  such as l i thium-drifted germanium and 

s i l i c o n  types have much LaLter resolut ion than sodium iodide detectors .  

However, t h e i r  eff iciency is less than sodium iodide and they must usually 

be cooled with l iquid  nitrogen. Thus, unless extremely high resolut ion of 

gamma ray spectra is desired, sodium iodide s c i n t i l l a t i o n  techniques a r e  the 

method of choice. One of the  disadvantages of the  sodium iodide c r y s t a l  

detector  is the  f a c t  tha t  it is highly hygroscopic and must he careful ly  

protected from moisture. 

Flow c e l l s  f o r  measurement of ganmu radia t ion  a r e  not subject  t o  

the l imi ta t ions  of be ta  emit ters  because of the high penetration of gamma 

par t ic les .  Therefore, a number of flow gamma detectors  a r e  commercially 

available. The configuration of these detectors  can-vary widely, and one 

of the  mst common config-nations is pictured on the next page. 

A sodium iodide c rys ta l  with a hole d r i l l e d  through the  center  is 

u t i l i zed  a s  the  s c i n t i l l a t o r  i n  t h i s  configuration. The sample from the  

separation device flows through the center  of the  c r y s t a l  and the  s c l n t i l l a -  

t ions  a re  detected by an opt ica l ly  coupled photomultiplie: tube. Care must 
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be taken with t h i s  system t o  exclude any s t r ay  l i g h t  which may en te r  from 

the  outside. Detectors of t h i s  tyva can have reasonably good counting 

e f f i c i enc ies  but  f a i r l y  high z c t i v i t i e s  a re  usually necessary because of 

the  shor t  residence time af the radioemitter within the s c i n t i l l a t i o n  area. 

A s  an a l t e rna t ive  t o  the axia l ly  d r i l l e d  sodium iodide c rys ta l ,  the  c rys ta l  

may be  placed t o  one s ide  of the  e f f luen t  stream from the  separation device. 

I n  t h i s  configuration, of course, the  eff iciency is less because of the 

poorer georetry of the  detectors.  Gamma-detecting probes u t i l i z i n g  sodium 

iodide c rys ta l s  i n  photomultipliers a re  available from a wide number of 

manufacturers. For special ized applicat ions i n  gamma detection, s c i n t i l l a -  

t ion  detect ion probes employing sodium iodide c rys ta l s  and photomultipliers 

can b e  developed according t o  the  user ' s  specif icat ions.  Crystals of a l l  

s i z e s  and shapes can be purchased from the  Harshaw Chemical Company i n  

Cleveland, Ohio. 

The high penetration of gamma rays makes possible the detection 

of mass concentration zones within the  separation device i t s e l f .  Ability t o  

do t h i s ,  hwever,  is contingent upon there being s u f f i c i e n t  levels  of radio- 

a c t i v i t y  within the concentration zones of the  separation device. Scanners 

a r e  commercially available f o r  detection of concentration zones in chromato- 

graph and electrophoretagrams from Packard Instrument Co., Inc., Downers 

Grove, I l l i n o i s .  



I n  order  t o  obtain reso lu t ion  with a gamma-ray scanning appara- 

tus ,  a col l imator  must be used which reduces s i g n i f i c a n t l y  t he  subtended 

angle of radiat ion.  As a r e s u l t ,  t he  geometry of a gamma-ray scanner is 

very poor and t h i s  produces qu i t e  l o w  e f f ic iency  ( l e s s  than 1 percent) .  

Thus, r e l a t i v e l y  high amounts of r ad ioac t iv i ty  muat be present  wi th in  the 

separat ion device i n  order  t o  obta in  s u f f i c i e n t  a c t i v i t y  f o r  a gamma wan .  

Radioisotopic Labelling Procedures 

A s  mentioned previously, b io log ica l ly  derived molecules h a w  no 

i n t r i n s i c  r ad ioac t iv i ty  and thus employment of r ad io t r ace t  techniques is 

dependent upon the  incorporation of radiolabels .  For small  utolecules, a 

very la rge  nurher of i so top ica l ly  l abe l l ed  compounds can be purchased from 

supply houses such a s  N e w  England Nuclear, Searle-Amersham, In t e rna t iona l  

Chemical and Nuclear Corporation, and Schwarz Bioresearch Corporation. 

A very l a rge  va r i e ty  of l abe l l ed  compounds with b e t a  emi t te rs ,  

such a s  14c, 3 ~ ,  3 5 ~  , and 32~, can be obtained. compounds which can be 

purchased commercially include amino ac ids ,  vitamins, metabolites,  carbohy- 

dra tes ,  nucleosides,  nucleot ides ,  a l a rge  number of pro te ins ,  and polynucleo- 

t i des .  Beta-labelled pro te ins  and polynucleotides a r e  usaa l ly  obtained from 

microorganisms o r  mammalian c e l l s  which have been cul tured i n  media containing 

radiolabel led amino ac ids  and nucleot ides .  I f  t h e  p ro t e in  o r  polynucleotide 

cannot be conveniently cbtained from a cu l tu re ,  these  may b e  d i r e c t l y  

l abe l l ed  by a va r i e ty  of compounds which contain func t iona l  groups capable 

af reac t ing  with pendant groups. For example, p ro te ins  can be l abe l l ed  with 

3~ o r  14c compounds which contain isothiocyanate ,  diazo, ac t iva t ed  carbonyl, 

and sulfhydryl  groups. 

Compounds l abe l l ed  with gamma emi t te rs  a r e  not  nearly a s  numerous 

as be ta  emi t te rs  because very few of t he  elements contained i n  b io log ica l ly  

derived compounds have isotopes which a r e  gamma emi t te rs .  The most f requent ly 

used l abe l s  f o r  b io log ica l  compounds a r e  13'1, 125~, and ''~r. Labelling of 

pro te ins  with iodine can be accomplished i n  a s t r a i g h t  forward process by a 



( I4)  In  t h i s  method, t he  pro te in  technique devised by Hunter and Greenwood. 

is incubated with sodium 1311 and a small amount of a mild o d d t z i n g  agent 

is added t o  produce molecular iodine. The iodine then r e a c t s  with ty rosy l  

res idues  i n  t he  pro te in  t o  form a covalent bond. In t h i s  process,  care  

must be taken t o  avoid damaging the  funct ion 3f t he  pro te in  by excess oxi- 

d iz ing  agents  and/or overreact ion with iodine. I n  addi t ion  t o  pro te ins ,  

many o ther  compounds can be l abe l l ed  by simply reac t ing  them with tyros ine  

i f  t h e  appropriate  amine o r  carboxyl groups a r e  ava i lab le .  Af te r  t he  tyro- 

s i n e  adduct is forned, t he  iodinat ion can be performed a s  described above. 

Iodine l abe l l i ng  of c e l l s  and compounds can a l s o  be  i n d i r e c t l y  

obtained by a t t ach ing  an  antibody t o  a p a r t i c u l a r  c e l l  o r  gtven hapten. 

Radiolabelling is then accomplished by the assoc ia t ion  of the  antibody with 

i ts antigen. 

One of the  most convenient and e f f e c t i v e  methods of l a b e l l i n g  

i n t a c t  c e l l s  is through the  u t i l i z a t i o n  of 51~r. Viable c e l l s  of a wide 

v a r i e t y  of types can be radiolabel led by simple incubation with chromate 
5 1 

( Cr). The exact  s i t e  of l abe l l i ng  o r  t he  mechanism of l a b e l l i n g  is not  

known but  da ta  accumulated over t he  years  i nd ica t e  t h a t  the  chromate en t e r s  

t h e  c e l l  and becomes very t i g h t l y  bound. Chromium l abe l l i ng  is the s tandard 

method u t i l i z e d  t o  determine the  l i f e t ime  of red blood c e l l s  and p l a t e l e t s  

because of the  i r r e v e r s a b i l i t y  of binding and the f a c t  t h a t  the  method allows 

the  c e l l s  t o  remain completely viable .  In  addi t ion  t o  red c e l l s ,  lymphocytes 

have been l abe l l ed  with 51~r and used i n  subsequent s tud ie s  of lymphocyte 

function. (15) &romium l a b e l l i n g  of c e l l s  allows a f a i r l y  high spec i f i c  

a c t i v i t y  t o  be  a t t a ined  and thus minute quan t i t i e s  of c e l l s  can be readi ly  

detected by t h i s  method. This technique is u t i l i z e d  i n  Ba t t e l l e ' s  Columbus 

Laboratories on lymphocytes, and we regular ly obtain a c t i v i t i e s  of 5000 cpm/lO 5 

cell. 

It should be noted t h a t  i n  any l a b e l l i n g  experiment, one should take 

ca re  t o  avoid incorporat ion of excessive amounts of rad io labe l  i n t o  compounds 

o r  c e l l s .  A very high amount of r ad ioac t iv i ty  incorporated i n t o  a compound 

can r e s u l t  i n  self-absorpt ion and thus se l f -des t ruc t ion  of t h a t  compound. 

Thus, t he  r e s u l t s  of the  r ad io t r ace r  experiment can be inval idated.  



App~ica t ion  of Radioisotope Label l ing t o  Determine Posi t ion of 

Cells In  Electrophoresis Device. During the  course of t h i s  reaearch pro- 

gram, one of the  questions asked us by NASA was r e l a t ed  t o  t he  de tec t ion  

of separated bands of c e l l s  within a cy l ind r i ca l  e lec t rophores i s  tube. 

The frozen tube, which 16 approximately 18 cm i n  length and 1 cm i n  

diameter, w i l l  be  placed i n  an e lec t rophores i s  device during a space f l i g h t  

and suspensions of var ious types of c e l l s  w i l l  be  elzctrophoresed during 

the  f l i g h t .  After  each run, the  bu f fe r  and c e l l s  i n  each tube w i l l  be  frozen 

and maintained i n  a frozen s t a t e  during the  t ranspor t  back t o  ear th .  The 

cyl inder  of i c e  w i l l  then be sect ioned i n  such a way t h a t  d i s c r e t e  bands of 

c e l l s  can be  contained within the  sec t ions .  This neces s i t a t e s  a method of 

detect ion of the  band of c e l l s .  

We suggest t h a t  rad io iso topic  l a b e l l i n g  of the c e l l s  with ' l ~ r  

would provide a good method of loca t ing  the  various bands i.n the  i c e  plug. 

For example, lymphocytes could be rad io labe l led  with 5 1 ~ r  t o  obtain an 
C 

a c t i v i t y  of 5000 cpm/loJ c e l l s .  Assuming 70 percent counting e f f i c i ency  , 
6 

t h i s  amounts t o  32 x lo-* l r C i / l O  c e l l s .  We understand t h a t  the  elecrro- 
7 9 

phoresis c e l l  w i l l  contain approximately 10 t o  10 c e l l s .  This would con- 

s t i t u t e  a range of 0.32 t o  32 w C i  and would provide enough r ad ioac t iv i ty  

f o r  detect ion by a c o l l i ~ r a t i o n  device according t o  the  ca lcu la t ions  shown 

below. 

Circumfererltial a r ea  of s l i t  1.1 cm 
2 

Area of r a d h t i o n  sphere 38.9 cm 
2 

x 10,) = i.9 percent 
38.9 

For purposes of t h i s  ca lcu la t ion ,  we have assumed t h a t  the detec- 

t i on  system should be ab le  t o  resolve a bpnd 1 mm i n  width. This could be 

done by use of a sodium iodide c r y s t a l  o p t i c a l l y  coupled with a photocel l .  

A suggested configurat ion is shown on the next page. The suggested config- 

urat ion cons i s t s  of a cy l ind r i ca l  sodium iodide c r y s t a l  with an a x i a l  hole  

throughout the  e n t i r e  length of the c r y s t a l .  Concentric with the c r y s t a l  is 
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a cy l ind r i ca l  l ead  sh i e ld  which c o r i t ~ i n s  a r a d i a l  s l i t  around i ts  e n t i r e  

circumference which serves a s  a collimator.  The frozen plug f i t s  3nside 

the  lead s h i e l d  and t raverses  t x i a l l y  pas t  the  co l l imatcr  slit .  For pur- 

poses of t h i s  discussion, we have assumed t h a t  a slit width of l mm would 

provide s u f f i c i e n t  resolut ion.  This, of course, could be narrowed with 

r e su l t i ng  l o s s  of counter e f f ic iency .  Optical ly  coupled t o  the  end of the  

sodium iodide c r y s t a l  is a photomult ipl ier  tube. 

A s e r i e s  of rough ca lcu la t ions  were made on tSe thickness  of the 

lead  sh ie ld ing  which would be required t o  obtain d i s t i n c t  peaks i n  the  

collimator.  Idea l ly ,  t he  sodium iodide c r y s t a l  should be  ver; sho r t  i n  the  

a x i a l  d i r ec t ion  t o  el iminate  background noise from gamma-emitting c e l l s  not  

i n  frontof  the  slit .  For t h i s  ca lcu la t ion ,  we have assumed t h a t  t he  s h i e l d  

should a t t enua te  the  ganma p a r t i c l e s  by a f ac to r  of 100:l. Using the  mass 
2 a t tenuat ion  coe f f i c i en t  of lead which is 0.32 cm /g,  the thickness of lead 

required t o  a t t enua te  99 percent of the  emission is  1.26 cm. I f  the  diameter 

of the  plug is 1 cm, then the  cyl inder  of lead  would be 3.5 cm i n  i ts ou te r  

diameter. Thus, a sodium iodide c r y s t a l  7.6 cm i n  diameter (which is 9 

standard s i z e )  could serve we l l  f o r  t h i s  function. 

The expected e f f ic iency  of such a system a s  depicted above can be 

calculated roughly from the geometry. I£ the  lead cyl inder  is 3.5 cm i n  

diameter and the  col l imator  s l i t  is 1 mm, the  ca lcu la ted  e f f ic iency  is 2.9 

percent. 

A s  s t a t e d  above, t he  l e v e l  of l a b e l l i n g  which one can obte in  with 
6 51~r is i n  the  range of 3.2 x lom2 p C i / l O  c e l l .  I f  the  frozen plug t r ave r se s  

pas t  the  slit at a r a t e  of 1 m/lO sec. ,  then the average residence time f o r  a 

band of c e l l s  lmmwide  w i l l  be 10 seconds. The ca lcu la ted  t o t a l  c o m t s  which 

could be obtained i n  a 10-second period a r e  345. These 345 counts vouid be 

approximately 15 times g rea t e r  than the background. Thus, one wocld a n t i c i -  

pa te  t h a t  t h i s  system would provide ind ica t ion  of concentration zones of c e l l s .  

The configuration suggested may not  be i d e a l  and th icker  lead sh ie ld ing  may be 

required t o  obta in  sharp peaks. I n  eddi t ion,  i t  may be des i rab le  t o  place the  



sodium iodide c rys ta l  i n  j u s t  one s ide  of the frozen c o l m  ra the r  than 

having i t  surround the column. Because of the v e r s a t i l i t y  and s i z e s  and 

shapes available i n  sodium iodide crys ta ls ,  a la rge  number of configura- 

t ions  would be possible. 

It should be noted 55at the detector  system rhcm could be con- 

tained i n  a ref r igera t ion  mft t o  meintain i t  a t  a suff ic ienr iy  l o w  

temperature t o  enable the plug t o  remain i n  a f roz~r r  e t a  X t  may be 

desirable t o  allow the <r ive  t r a i n  of the traversing FCC. ...' .n! t o  be placed 

outside of the  use temperature zone. However, the sodiun le, c rys ta l  and 

the photocell a r e  capable of operating a t  a low temperature. 

Ultrasonic Analysis 

Detection and measurement systems based upon ultrasound can bes t  

b t  viewed a s  analogs of light-based systems. Ultrasound is  defined as sonic 

vibrat ion a t  frequencies greater  than 20,000 Hz. With ultrasound. the  

transmit t ing beam consists  of sound waves ra ther  than l i g h t  waves. Sound 

waves can be focused, ref lec ted ,  adsorbed, and detected by methods analo- 

gow t o  tha t  i n  op t i ca l  systems. In addition, sound waves can form in ter -  

ference pat terns,  and t h i s  property can be useful i n  analy t ica l  sys tem.  

Several d i f ferent  modes of ultrasound analysis can be used, and among t h e ~ e  

a r e  r e f l ec t ive  ultrasound, acoust ic  holography, and ul trasonic absorption. 

The uses of ultrasound i n  medical diagnosis a re  currently expand- 

ing  very rapidly. In  these applications, ultrasound is generated by a pie- 

zoelec t r ic  transducer incorporated in to  a probe (see i l l u s t r a t i o n  on next 

page). P iezoelec t r ic  materials v ibra te  a t  high frequencies when a pulse of 

e l e c t r i c i t y  is  applied. The ultrasound then t r ave l s  through the body and 

is ref lec ted  by interfaces between t i ssues  with d i f fe ren t  acoust ic  properties.  

The ref lec ted  sound returns t o  the transducer which a lso  serves as a detector 

during the time when i t  is not transmitting. Vibrations a r e  then converted t o  

e l e c t r i c a l  s ignals  which can be processed and converted i n t o  an image. The 

time reqtrired f o r  the ref lec ted  sound t o  return t o  the transducer depends upon 

the  distance between the  int?rface and the transducer and the properties of 
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the s t r u c t u r e  through which i t  passes. Ultrasound is  cur ren t ly  used i n  

obs t e t r i c s  and gynecology and i n  cardiology. Many appl ica t ioas  a r e  now under 

development, and these  include loca t ing  tumors and d i f f e r e n t i a t i n g  between 

benign and malignant growth. 

Of considerable i n t e r e s t  a l so  a r e  developments of u l t r a son ic  tech- 

niques f o r  measuring blood flow through a r t e r i e s  t o  diagnose a the rosc l e ro t i c  

plaques. 

Acoustic holography, which is analogous t o  o p t i c a l  holography, is 

a method of ex t r ac t ing  information i n  t h ree  dimensions from sound waves. 

An in te r fe rence  pa t t e rn  is generated between a reference beam of ultrasound 

and the  beam re f l ec t ed  from the sample. From the  in te r fe rence  pa t te rn ,  an 

image can be reconstructed. 

The absorp t ior~  of c-'.trasound can be used t o  de tec l  and c h a r a c t e r  

i re b io logica l ly  derived macromolecules in b s o r p t i o n  of u l t r a -  

sound which is analogous t o  ab*iorptjon of l i g h t  is proport ional  ro  the  con- 

cent ra t ion  of b io log ica l  m a c r o ~ l e c u l e s  such as pro te ins  and polynucleic acids .  

The absorpt.lon c h a r a c t e r i s t i c s  of the ultrasound a r e  a l s o  a function of the  

o r i en t a t ion  of the   macromolecule^ a s  wel l  a s  the  concentration. For p r a c t i c a l  



purposes of detection, however, ultrasound is not currently of value be- 

cause of the  concentratians necessary f o r  a detectable s ignal  a re  very high 

and thus the  method has very low sens i t iv i ty .  

In  our l i t e r a t u r e  search fo r  applications of ul trasonics f o r  par- 

t i c l e  detection, one a r t i c l e  was unco~ered i n  which impurities in f lu ids  and 

gases were monitored by ultrasound. ( I7)  %is a r t i c l e  describes the use of 

an ul trasonic p a r t i c l e  counter manufactured by Sperry Corporation. The 

device w a s  used t o  detect  par t icula te  matter i n  gas streams and i n  f lu ids  

such as l iquid  oxygen and hydraulic f lu id .  The u l t rasonic  p a r t i c l e  counter 

was based on tp.2 phenomenon tha t  so l id  pa r t i c l e s  i n  the  f l u i d  r e f l e c t  the 

ul trasonic beam back t o  the source with the amplitude of the ref lec t ion  

being dependent upon the  s i z e  of the  pa r t i c l e .  I't the  time of the writing, 

the  a u t h ~ r s  reported tha t  r e l i ab le  counts could be made only with p a r t i c l e s  

over 25 u i n  s ize .  Thus, t h i s  techniqse does not currently have relevance 

t o  the objectives of the  NASA program. 

Multiparameter C e l l  Analysis Systems 

Considerable progress has been made i n  the  f i e l d  of multiparameter 

c e l l  analysis  i n  the l a s t  5 years. Systems of t h i s  type simultaneously 

(or  sequentially) measure several  d i f f e ren t  parameters of individual c e l l s  

and then corre la te  the assembled information t o  categorize each c e l l .  

Examples of measurements which a r e  made include l i g h t  adsorption, fluores- 

cence, l i g h t  sca t ter ing ,  and e l e c t r i c a l  conductivity. Multiparameter c e l l  

analysis  systems a re  distinguishable from the ce l lu la r  image analyzing 

systems described i n  another portion of t h i s  report  i n  tha t  the l a t t e r  ana- 

lyze a microscopic image of individual ce l l s .  

Several d i f ferent  research groups around the country are  working on 

multiparameter c e l l  analysis ,  and one of the groups i n  the forefront is a t  

Los Marnos Sc ien t i f i c  Laboratory i n  Los Alamos, New Mexico. This group has 

recently developed a new flow system instrument f o r  quanti tat ive analysia and 

sor t ing  of microscopi- #a r t i c l e s ,  par t icular ly  biological  cell&*)The instru-  
- 1  . 

ment has four separate modes of ident i f ica t ion  f o r  c e l l s .  These a re  a Coulter 



counter f o r  s i z e  d i s t r i bu t ion ,  low-angle l i g h t  s c a t t e r i n g  f o r  s i z e  and 

i n t e r n a l  s t r u c t u r e  measurements, and two channels f o r  fluorescence meas- 

urements. The c e l l  suspension en te r s  a flow chamber a t  a r a t e  of 3-4 ul/min. 

from a pressurized reservoi r .  Flowing coaxia l ly  around the  c e l l  stream is 

a par t ic le - f ree  sheath f l u i d  f l w i n g  a t  1.2 ml/min. The sample stream 

flows through a volume-sensing o r i f i c e  f o r  p a r t i c l e  counting by the s tandard 

Coulter method. It then flows through a viewing window which is traversed 

by a laser beam (0.5 watts  a t  488 nm). Forward l i g h t  s c a t t e r i n g  is measured 

a t  an angle of 0.07 t o  2 degrees. Fluorescence is  measured at r i g h t  angles  

t o  t he  incident  l a s e r  beam and is s p l i t  i n t o  two wavelength regions by a 

dichroic  in te r fe rence  f i l t e r .  Wavelengths a r e  measured i n  t he  green and 

red fluorescence regions (520-570 nm and 620-800 nm). A diagram of the  

instrument is shown below. 
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FIGURE 25. MULTIPARAMETER CELL ANALYZER 

The fluorescence system has a disadvantage i n  t h a t  t he  c e l l s  re- 

qu i r e  pres ta in ing  before ana lys is  by the  instrument. A t  present ,  t h i s  is 

done i n  a batch process,  bu t  there  is 110 reason why i t  could not  be done i n  

a flow system. Cel l s  a r e  s ta ined  with propidium iodide f o r  DNA quan t i t a t i on  

and f luoroscein isothiocyanate  f o r  pro te in  quant i ta t ion .  



I 

Multiparameter analysis  of each individual c e l l  as it pasaes 

through the  sensing system can provlde a great  deal  of information which 

can be used t o  ident i fy  and dist inguish d i f fe ren t  types of c e l l s  from each 

other.  I n  essence, three d i f ferent  parameters a r e  measured: c e l l  volume, 

protein,  and DNA content. The e lec t ronics  of the  system provide gated 

single-parawter  techniques, such a s  voiume, which can be used t o  separate 

c e l l s  i n t o  various categories. I n  addition, one may obtain r a t i o s  of two 

differen: parameters which a r e  cha rac te r i s t i c  of ce r t a in  types of ce l l s .  

For example, the  protein:cel l  volume r a t i o ,  the DNA:cell volume r a t i o ,  o r  

the  protein:DM r a t i o s  can be readily obtained by t h i s  instrument. Measure- 

ments of t h i s  type allow white :ell d i f f e r e n t i a l  counts t o  be made with quan- 

t i t a t i o n  of granulocytes, monocytes, and large  and small lymphocytes. 

A comparison of the  Coulter method and the l ight-scat ter ing nlethod 

f o r  determination of c e l l  volume was made using uniform p l a s t i c  microspheres. 

The r e s u l t s  showed tha t  f o r  p a r t i c l e  s i z e s  l e s s  than 10 p; the  l i g h t  s c a t t e r  

s igna l  amplitude was d i rec t ly  proportional t o  the  Coulter volume s ignal  

amplitude. Hovever, the  p a r t i c l e s  la rger  than 10.5 ai ,  t h i s  relat ionship 

does not hold. The Los Alams group has presented several  papers demonstrat- 

ing  the  u t i l i t y  of t h i s  instrument i n  analyzing various kinds of mammnlian 

ce l l s .  For example, they demnst ra te  tha t  two d i s t i n c t  classes of human 

peripheral  lymphocytes can be distinguished. (19) Lymphocytes a re  s tained 

with acr id ine  orange which resu l t s  i n  a green fluorescence from the  nucleus 

and a red fluorescence from the cytoplasmic granules. The authors were able  

t o  dist inguish between large  and small lymphocytes by both the  volume meas- 

urements a s  wel l  a s  the fluorescence r a t i o  of these two types of ce l l s .  

A wide var ie ty  of d i f ferent  c e l l  types has been examined by t h i s  
(20) group. For example, i n  another recent publication, mammalian c e l l s  i n  

suspension a re  passed through a flow chamber where they a re  l ined up one at 

a time where they a r e  exposed t o  the argon laser .  A s  each c e l l  crosses the  

beam, i t  produces an op t i ca l  s ignal  which is  equal i n  duration t o  the c e l l  

t r a n s i t  time across the  beam. The focus can be detected, amplified, and 

analyzed by techniques s imi lar  t o  those i n  gamma-ray spectroscopy. The r a t e  



4 
of flow through the chamber is typ ica l ly  a:: a rate 02 5 x 10 cells/m*a. 

The use of the  l a s e r  i n  the  system permi'is s impl i f ied  opt.ics s ince  the 

beam is about 1 mm i n  diameter and has a very small divergence a2gle .  

This permits s c a t t e r i n g  measurements t o  be made at very small  angles f r o s  

t he  o p t i c a l  axis .  As described before,  the instrument measures c e l l  voltme 

by a Coulter system and by sca t t e r ed  l i g h t  and has two channels f o r  o p t i c a l  

fluorescence. E l e c t r i c a l  s igna l s  produced by the  de tec tors  a r e  amplified 

and processed by a multichannel pulse analyzer t o  y i e l d  a frequency dis-  

t r i bu t ion  histogram of the  parameter under study. 

Light-scat ter ing techniques have considerable p o t e n t i a l  f o r  dis-  

t inguishing and ident i fy ing  d i f f e r e n t  types of c e l l s .  The work of Wyatt 
G1,22) 

gives t heo re t i ca l  and experimental evidence t h a t  various types of b a c t e r i a  

can be i d e n t i f i e d  by l igh t -sca t te r ing  pa t te rns .  The c e l l  can be regarded as 

a sphere immersed i n  a water-like medium. A t y p i c a l  c e l l  with a diameter of 

around 10 p and a r e f r a c t i v e  jndex r e l a t i v e  t o  water of 1.03 t o  1.05 can 

be used a s  a model. Sca t te r ing  from such a c e l l  can be considered t o  be 

composed of contr ibut ions from f i r s t -o rde r  Fraunhofer d i f f r a c t i o n ,  trjns- 

mission with re f rac t ion ,  and ex te rna l  r e f l ec t ions .  Each r e f l e c t i o n  is inde- 

pendent of the r e f r ac t ive  index and depends only on the  gross s i l h o u e t t e  of 

t he  c e l l .  More than 80 percent of the  d i f f r a c t e d  l i g h t  is contained wi th in  

the  main forward lobe which terminates at an a ~ g l e  of approximately 3.5 

degrees. Thus, measurements i n  t h i s  angular range should r e f l e c t  gross  

c e l l u l a r  s i ze .  The theory was confirmed with experiments i n  a paper pub- 

l i shed  i n  1972 (23) using high-speed W-sens i t ive  f i lm  a s  t h e  fluorescence 

detector .  

The authors a l s o  discussed fu ture  appl ica t ions  and i n d i c c e  t h a t  

they a r e  now working on a system which can take measurements a t  s eve ra l  d i f -  

f e r en t  angles of the in t ens i ty  of s ca t t e r ed  l i g h t .  They a l s o  intend t o  pur- 

sue adsorption of W l i g h t  by ind iv idua l  c e l l s  using UV l a s e r s  at appropriate  

wavelengths. In  the area of fluorescence measurements, they intend t o  use an 

o p t i c a l  system which permits some spectroanalysis  of the fluorescence emis- 

sion. They a l s o  intend t o  explore exc i t a t i on  within 1 wavelength. 



Future work is a l s o  planned with a hos t  of d i f f e r e n t  l abe l l ed  

ant ibodies  which a t t a c h  t o  d i f f e r e n t  components of t he  c e l l ,  and thus can 

provide a d i s t i n c t i v e  and unique charac te r iza t ion  of t h a t  p a r t i c u l a r  c e l l .  

W e  supplemented our l i t e r a t u r e  review on t h i s  t op ic  by a visit 

t o  Los AYaws Sc1enti.f i c  Laboratory and by severa l  subsequent telG;'r.ori,. 

c r iversa t ions .  I n  a recent  uiscussion with t h i s  laboratory,  w e  requested 

information on l igh t -sca t te r ing  systems For cell c h a r a c t e r i z ~ - ~ ~ i ~  which d id  

not  requi re  c e l l  s ta in ing .  The Los Alamos groti; has j u s t  ,x%lished two 

papers (24'25) on a system f o r  d i f f e r e n t i a l  white c e l l  count which involved 

no s t a i n i n g  and w a s  e n t i r e l y  dependent upon lig: t sca t  -ering . This system 

is ab le  t o  de t ec t  lymphocytes, monocytes, neutrophi ls ,  and eosinophils  and 

ddes sc by measuring s i z e  and shape of t he  nucleus f o r  these c e l l s .  This 

can be  done by measuring l i g h t  s c a t t e r i n g  a t  j u s t  two angles i n  t he  forward- 

s c a t t e r i n g  mode. Scat tered l i g h t  is detected with a hemispherical a r ray  df 

l igh t -sens i t ive  diodes which a r e  manufactured by 3ecognition Systems, Tnc. 

The diodes are arrayed i n  concentr ic  r i ngs  in s id?  a 5emispnere of 3 mm 

diameter and are capable of picking up l i g h t  s c a t t e r i n g  from zerc t o  75 

degrees. A diagram of the  system is shown on the  next  paye 

This system can u t i l i z e  a very low e n e ~ g y  t . e l i u i ~ n e o n  laser (2 m). 

For t h e  ana lys is  of any p a r t i c u l a r  type of c e l l s ,  on-. would f i r s t  determine 

t h e  optimal c h a r a c t e r i s t i c  angles f o r  l i g h t  scatte2ir.g betwzen zero and 90 

degrees. I n  addi t ion  t o  leukocytes, Los Alamos is a l s o  working on c e l l s  

from PAP smears and is j u s t  beginning work on distinguishing T and B lymph- 

ocytes.  Preliminary evidence ind ica t e s  t h a t  there  a r e  s eve ra l  c h z ~ g e s  i n  

the  s t r u c t u r e  and c e l l  sur face  of T and B lymphocytes which would enable 

them t o  be dis t inguished by l i gh t - sca t t e r ing  techniques. 

Since t h i s  system counts c e l l s  one a t  a time a s  they pass  t h v u g h  

the  laser beam, very d i l u t e  suspensions of c e l l s  a r e  required. For purposes 

of ana lys is  i n  space, only a small  f r a c t i o n  of the  output of a szpara t ion  

device would be needed f o r  analysis .  One should a l s o  point  out t h a t  the  

wavelength of the  l a s e r  is 631 nm and t h a t  any fea tures  of t he  c e l l  smaller  

than t h i s  s i z e  would probably not  be  de tec tab le  by the  l i gh t - sca t t e r ing  tech- 

nique. 

It should a l s o  be emphasized t h a t  the  l a s e r s  used i n  these systems a r e  
, 

of r e l a t i v e l y  low power and do not damage the  c e l l s .  I n  a number of instances,  

the  v i a b i l i t y  of the c e l l s  a f t e r  ana lys is  has been demonstrated. 





Another sophis t ica ted  multiparameter cell-counting and differen-  

t i a t i n g  device is manufactured by Technicon Instruments Corpqration. The 

p r inc ip l e s  of operation and performance of t h i s  device have been recent ly  

described i n a p a p e r  by Mansberg and co-workers. (26) This sys  t e m ,  designated 

the  Hemalog D, uses 0.4 m l  of whole blood which is s t a ined  by an automated 

continuous-flow s t a i n i n g  technique. The system can process a new sample 

each d n u t e .  C la s s i f i ca t ion  of the  white c e l l s  is done through the  o p t i c a l  

methods of l i g h t  s c a t t e r i n g  and l i g h t  adsorption a t  appropriate  wavelengths. 

The c e l l s  a r e  s i zed  by l i g h t  s ca t t e r ing .  Spec i f ic  chemical reac t ions  pecu- 

liar t o  each ind iv idua l  type of c e l l  a r e  used t o  d i f f e r e n t i a t e  t he  c e l l s  

with l i g h t  adsorption. Beta c e l l s  a r e  s t a ined  with Alcian Blue. Monocytes 

e x h i b i t  an e s t e r a se  a c t i v i t y  which hydrolyzes a-naphthol butyrate .  The 

a-naphthol is subsequently coupled with hexazonium pararosani l in .  Lympho- 

cy tes  and l a rge  mononuclear c e l l s  remained unstained i n  a peroxidase s ta in-  

ing  system and eosinophils  s t a i n  very s t rongly.  This system is capable of 

c l a s s i fy ing  10,000 c e l l s  i n  l e s s  than 1 minute. 

The system uses a s i n g l e  tungsten-halogen lamp which a c t s  as a 

cornanon l i g h t  source f o r  th ree  ind iv idua l  o p t i c a l  systems. I n  two of the 

channels, a beam s p l i t t e r  divides the  l i g h t  co l l ec t ed  from the  flow c e l l  

f o r  simultaneous measurement of dark-field forward-scattered l i g h t  and f u l l  

aper ture  l i g h t  l o s s  due t d  absorption by the  s t a i n  of t he  c e l l s .  In  the 

t h i r d  channel, t h e  interference beam is s p l i t  i n t o  red and green s p e c t r a l  COUP 

ponents t o  improve the  s ignhl  :noise r a t i o .  

It should be emphasized t h a t  t he  primary purpose c f  t h i s  instrument 

is t o  perform l a rge  numbers of d i f f e r e n t i a l  white c e l l  counts with high 

efficiency i n  a c l i n i c a l  laboratory. For purposes of t he  NASA program on 

p a r t i c l e  separat ion i n  space, the primary objec t ive  Is not  t he  ana lys is  of 

l a rge  numbers of samples over a sho r t  time period. However, t he  principles 

involved and t h e  sensitivity of t h i s  instrument could be used t o  good advan- 

tage i n  evaluat ing separated ceZls because of i ts s e n s i t i v i t y  t o  subt le  d i f -  

ferences i n  c e l l  types. 



Automated Image Analysis 

I n  the  last 5 years ,  dramatic advances have been made i n  the  

f i e l d  of automated image ana lys is  systems. Such systems w i l l  a-  to ma tic ally 

scan, i den t i fy ,  quant i ta te ,  and/or d i f f e r e n t i a t e  s e l ec t ed  elements present  

i n  a given o p t i c a l  f i e l d .  The uses of image-analyzing and enhanceme~t tech- 

niques a r e  widsspread and range from rout ine  ana lys is  of blood samples t o  

ana lys is  of photographs taken i n  space. A de ta i l ed  explanation of image- 

analyzing and enhancement processes is beyond the  scope of t h i s  report .  

Nevertheless, we s h a l l  descr ibe a few of t he  instruments and techniques 

ava i lab le  which a r e  relevant  t o  the  object ives  of the  NASA program. 

Imaging processing systems can be broadly divided i n t o  two cate- 

gories:  (1) systems which automatically analyze given elements present  i n  

an o p t i c a l  f i e l d  and categorize them with respect  t o  dens i ty ,  s i z e ,  shape, 

frequency, e tc . ,  and (2) image enhancement systems which process the image 

t o  make f ea tu re s  d is t inguishable  which were previously not de tec tab le  by 

v i s u a l  observation. Several approaches t o  image enhancement a r e  under devel- 

opment and of these,  th ree  are of most importance t o  t h i s  repor t .  One 

approach is  ca l l ed  coherent o p t i c a l  processing and makes w e  of the  f a c t  t h a t  

coherent l i g h t  of the  l a s e r  can be so r t ed  out  readi ly  i n t o  its s p a t i a l  f re -  

quencies. Another approach is ca l l ed  d ig i tz !  processing and is based upon 

the  manipulations by d i g i t a l  computer of a mathematical representat ion of the 

image. A t h i r d  process converts an image t o  analog e l e c t r i c a l  s igna l s  and 

appl ies  mathematical p r inc ip les  of enhancement and detect ion t o  these elec- 

t r i c a l  analogs. 

A number of image processing systems were reviewed i n  the  course 

of t h i s  program and representa t ives  of these  a r e  discussed below. The f i r s t  

c l a s s  of devices a r e  automated d i f f e r e n t i a l  leukocyte c l a s s i f i e r s .  These a r e  

highly spec ia l ized  image ana lys is  systems and include methods f o r  preparing 

and s t a in ing  leukocytes as  wel l  as t h e i r  ana lys i s .  A t yp ica l  extmple of an 
@ instrument of t h i s  type is the Hematrak produced by Geometric Data Corporation. 



This device is a computerized e lec t roopt ica l  system whj-ch scans Wright- 

s tained blood smears and was developed primarily f c r  screening use i n  

cl inicalhematology.  It ~ t i l i z e s  an advanced principle of pa t tern  recog- 

n i t ion  and performs high-speed morphological analysis  of nuclear shape, 

chromatin pat  te rns ,  cytop1asm:nuclear r a t i o ,  and color of granules. 

Acceptable information on each df these features is included i n  the com- 

puter  memory of the device. When an abnormal c e l l  is detected, the 

scanner is designed t o  s top,  permitting the  technologist t o  in te rp re t  

visual ly.  The output a£ the  instrument is a small card which logs the  per- 

centages of the  c e l l s  i n  the  various leukocyte populations. 

An0thr.r such device is theLeukocyte Automatic Recognition Computer 

!MA which is  produced by the Corning Glass Works. This device automatic- 

a l l y  d i f fe ren t i a t e s  leukocytes from a peripheral blood smear s tained by a 

Romanowski-type s t a in .  The features used i n  the discrimination a r e  nuclear 

shape, nuclear s i ze ,  cytoplasm s i - e ,  cytoplasu color ,  and nuclear density. 

A pierpheral blood smear is placed i n  a microscope and the microscope image 

is the0.1 focused on a television camera. The system is based on a doctoral 

thes is  by Bacus . (27) A c e l l  is analyzed by placing it i n  the center  of the 

op t i ca l  f i e l d .  The te levis ion  tube converts the op t i ca l  image t o  a d ig i t ized  

e l e c t r i c a l  s igna l  and the image is thus entered i n t o  the computer memory as  

a 50 x 50 point array. The image points  a r e  then histogrammed according to  

t h e i r  o p t i c a l  density value. 
8 An image-analyzing system with more v e r s a t i l i t y  is the Omnicon 

b u i l t  by Bausch and Lomb. This system analyzes images from any number of 

sources such a s  op t i ca l  microscopes, metallographs , electron microprobes , 
electron microscopes, photographs, micrographs, opaque p r in t s ,  transpar- 

encies, and even gross specimens. The system operates by focusing the 

op t i ca l  image on a Vidicon tube which then trL:nsforms the op t i ca l  s ignal  

i n t o  a d ig i t ized  e lec t ronic  s ignal .  The system c;n parforn 23 d i rec t  meas- 

urements with images thus received. It can measure individual fea tcres  o r  

a l l  the fea tures  i n  the f i e l d  of measurement. Results can be printed out i n  



numerical form a s  histograms o r  i n  s eve ra l  o ther  formats. For example, 

t he  area,  projected length, longest dimension, o r  any se l ec t ed  f ea tu re  can 

be measured. The device can a l s o  perform p a r t i c l e  counts of d i s c r e t e  par- 

t i c l e s  i n  a p a r t i c u l a r  f i e l d  of measurement. 

Another system of t h i s  type is t h e  ~uant imet?  manufactu~ed by 

Image Analyzing Computers, Ltd. In  t h i s  system, an image focused on a 

720-line Vidicon scanner s e l e c t s  f ea tu re s  f o r  measurement i n  terms of t h e i r  

common gray l e v e l  cha rac t e r i s t i c s .  The scanner output  can a l s o  be coupled 

with a microdensitometer which assesses  t he  o p t i c a l  dens i ty  a t  each poin t  i n  

a f ea tu re  and computes i ts in tegra ted  i n t ens i t y .  The scanning system is 

capable of de tec t ing  more than 30 separa te  gray l e v e l s  t o  b e t t e r  than 1 per- 

cen t  accuracy over t he  e n t i r e  f i e l d  of view. Inputs  t o  the device include 

photographic p r i n t s ,  p l a t e s ,  negat ives ,  and c ine  f i lm,  a s  w e l l  a s  o p t i c a l  

and e l ec t ron  microscopes. The bas i c  measurements performed by the  device 

a r e  p a r t i c l e  counting, a r ea  length and perimeter measurements, form f a c t o r s ,  

and o p t i c a l  density.  

More sophis t ica ted  image processing computer systems a r e  capable 

of enhancing and c l a r i f y i n g  images t o  br ing  out  d e t a i l s  no t  d i s ce rn ib l e  

v i sua l ly .  Such a system is the  Datacolor Image Enhancement System developed 

by S p a t i a l  Data Systems. l 'his system analyzes f i lms  from photographs, radio- 

graphs, micrographs, and o the r  sources and measures information not  apparent 

t o  t he  naked eye. One of the  techniques u t i l i z e d  is  edge enhancement, which 

makes f i n e  l i n e s  i n  a,: image much more d i s t i n c t  f o r  v i s u a l  ana lys i s .  Edge 

enhancement operates  by producing a b lack  l i n e  on the display when a normal 

image changes from white t o  black. Conversely, a white l i n e  is produced 

when a normal ;'mage changes from black t o  white.  The width of t h e  enhanced 

l i n e s  is adjus tab le  from narrow t o  very t h i ck  f o r  maximum v i s i b i l i t y  cf f i n e  

d e t a i l s .  

A second method of image enhancement involves a technique known a s  

co lor  enhancement. I n  t h i s  process ,  the photographic dens i ty  is e lec t ron ic -  

a l l y  analyzed and c l a s s i f i e d  i n t o  as many a s  32 d i s c r ~ t e  leve ls .  Each l e v e l  

is then assigned a unique co lor  which makes i t  v i sua l ly  d i s t inguishable  from 



t he  others .  Borders between the  co lors  ind ica te  densi ty  contours. The 

operator  may ad jus t  the  co lor  enhancement t o  achieve v i sua l  e f f e c t s  t h a t  

a r e  b e s t  s u i t e d  f o r  a p a r t i c u l a r  analysis .  Colors can be switched i n  and 

out  of the p ic ture .  The system may a l s o  be used as a densitometer. Color 

contours a r e  then ca l ib ra t ed  f o r  quan t i t a t i ve  measurement of f i lm  densi ty  

which is  read d i r e c t l y  i n  terms of display color .  This process may be of 

value t o  t he  forthcoming experiments on electrophoresis  t o  be  conducced by 

NASA. A photographic image of the e lec t rophores i s  tube may not  revea l  

bands t o  the  naked eye. However, ana lys i s  by an image enhanceaent system 

such a s  edge enhancement o r  co lor  enhancement ma-/ make these Lor.es discern- 

i b l e .  The Spa t i a l  Data System a l s o  can provide a graphic djoplay of the  

f i l m  densi ty  values along a v e r t i c a l  cross-section of th.c p i c tu re  and thus 

can a c t  as a microdensitometer. 

Another image analyzing system which erhances d e t a i l s  i n  an image 

is manufactured by Rank Precis ion Instruments. This system operates  on a 

d i f f e ren t  p r inc ip l e  than the  ones discussed above, as shown i n  the  fallowing 

diagram. 
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FIGURE 27. IMAGE ENIWKEMENT SYSTEM 

The transparency is i l luminated by coherent l i g h t  from a laser .  

The l i g h t  passing through the  transparency is d i f f r ac t ed  by the  s t r u c t u r e  

of t he  image and produces P. Fourier transform. In t h i s  plane, ce r t a in  

transform spo t s  can be  masked o f f  by the  f i l t e r  so t h a t  the reconstructed 



image contains only those s p a t i a l  c h a r a c t e r i s t i c s  which a r e  allowed through 

the  f i l t e r .  One of the  advantages of t h i s  image analyzer is t h a t  i t  can 

separa te  random fea tures  from a background of a regular ly  repeated pa t t e rn .  

This has many appl ica t ions  i n  biology, p a r t i c u l a r l y  looking a t  the u l t ra -  

s t r u c t u r e  of c e l l s .  The output of the  system is a t e l ev i s ion  monitor o r  a 

photograph of the  teconstructed image. 

Particle-Counting Techniques - 

The detect ion methods discussed i n  the previous sec t ion  a r e  capable 

of der iving a considerable amount of information by combination of s eve ra l  

d i f f e r e n t  measurements. These methods can be of grea t  value i n  de tec t ing  and 

analyzing complex mixtures ~ r '  p a r t i c l e s .  In  many cases,  however, the  amount 

of information obtainzble by multiparameter ana lys is  is not  necessary and 

simpler methods would su f f i ce .  In  t h i s  sect ion,  devices which automatically 

count and s i z e  p a r t i c l e s  w i l l  be  described. 

Two 3 a s i c  techniques of automated p a r t i c l e  counting a r e  cur ren t ly  

i n  use. The f i r s t  of these is the o p t i c a l  method which u t i l i z e s  the  adsorp- 

t i o n  o r  s c a t t e r i n g  of l i g h t  r e su l t i ng  from a p a r t i c l e  in te rcept ing  a l i g h t  

beam. I'he second method, electroconduction, de t ec t s  and counts c e l l s  by meas- 

ur ing  the  change i n  e l e c t r i c a l  conductance which occurs when a p a r t i c l e  

passes between two electrodes.  This repor t  has already described i n  some 

d e t a i l  the pr inc ip les  of par t icu la te  ana lys is  by l i g h t  s ca t t e r ing .  A review of 

particle-counting techn. <.ues wr i t t en  t Ma~sberst ~ r o v i d e s  a more de t a i l ed  

discussion of t h i s  topl- .  Consequently, t h i s  sec t ion  w i l l  deal  pr imari ly  with 

the  pr inc ip le  of electroconduction. 

In  the electroconductive technique, the sensing system cons i s t s  of 

a small o r i f i c e  through which the  f l u i d  containing the p a r t i c l e s  passes (see 

diagram on next page). On e i t h e r  s i d e  cf the o r i f i c e  e lec t rodes  a r e  placed 

and a po ten t i a l  is applied across  the e lec t rodes .  The p a r t i c l e s  a r e  BUS- 

pended i n  an e l e c t r o l y t e  which is a good conductor. A s  an ind iv idua l  p a r t i c l e  
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FIGURE 28. PRINCIPLE OF PARTICLE COUNTING 
BY ELECTROCONDUCTANCE 

passes through the o r i f i ce ,  the cross-sectional area of the conducting 

f l u i d  is reduced by the pa r t i c l e .  Since the p a r t i c l e s  a re  not conductors, 

the  conductivity is  reduced i n  proportion t o  the volume of the pa r t i c l e .  

In  a p rac t i ca l  sense, t h i s  condition holds i f  the s i z e  of the  o r i f i c e  is 

i n  correct  proportion t o  the s i z e  of the pa r t i c l e s .  Consequently, devices 

of t h i s  type have a range of o r i f i c e  s izes  which can be changed i n  response 

t o  the  s i z e  ranges of p a r t i c l e s  being counted. In the operation of the 

couuter, pa r t i c l e s  pass through the  o r i f i c e  a' a high r a t e  of speed. Because 

of the  random dis t r ibut ion  of the pa r t i c l e s  i n  the suspension, i t  is highly 

improbable tha t  a l l  of the pa r t i c l e s  w i l l  pass through the o r i f i c e  one a t  a 

time. Some of the  pa r t i c l e s  w i l l  paas through the  sensing volume i n  pa i r s  

o r  even i n  grea ter  number and a coincidence e r r o r  w i l l  resul t .  The coinci- 

dence e r r o r  can be reduced theore t ica l ly  by reducing the concentretion of 



p a r t i c l e s  i n  suspension, but t h i s  can r c ~ u l t  i n  a higner  background co,(:~t 

due t o  dust pa r t i c l e s  i n  the d i luen t .  Another method cif reducing eoinci-  

dence is by reducing the  volume of the o r i f i c e ,  but  there  a r e  p r a c t i c a l  

l i m i t s  t o  t h i s  approach. 

Another considerat ion i n  determining the  concentrat ion c f  p a r t i c l e s  

i n  t he  suspension is t h s  a b i l i t y  of the  e l ec t ron i c  components t o  reso lve  one 

s i g n a l  from t h e  next conc~t r ren t  one. I f  too many p a r t i c l e s  pass  through the  

o r i f i c e  i n  a given time period, another type of coincidence e r r o r  can r e s u l t .  

Typical instruments can resolve p a r t i c l e s  a t  a r a t e  of 5000 par t ic les / second .  

A s  mentioned previously,  the  change i n  conductivity is i n  d i r e c t  

proportion t o  Che v o l u ~  of tlie p a r t i c l e .  By analyzing pulse  amplitude a s  

p a r t i c l e s  pass  t h r o ~ ~  '1 the  o r i f i c e ,  p a r t i c l e  counters can d isc r imina te  be- 

tween ~ a . ~ i o u s  p a r t i c l e  s i z e s .  P a r t i c l e  s i z e s  which can bc detec ted  and 

analyzed range from 0.5 t o  800 U. P a r t i - l e  counters can operate  i n  s eve ra l  

output modes. Tr. one mode, the  instrument can be gated a t  upper and lower 

s i z e  l i m i t s  and then count p a r t i c l e s  wi th in  t h a t  s i z e  rcnge. The p a r t i c l e  

counter can a l s o  be gated t o  count p a r t i c l e s  i n  :-pTr, : - i - .  s i z e  ranges. Multi- 

channel counters a r e  now ava i lab le  which can perform a p a r c l s l e  s i z e  d i s t r i -  

bu t ion  aiialysis.  For t h i s  purpose, a s  many a s  256 channels can 31 used. 

The output. o r  t he  counter can be i n  the  form of an osci:loscope d isp lay ,  a 

photographic recording, a XY p l o t  of number versus s i z e ,  o r  a tape. 

A p r a c t i c a l  l im i t a t i on  f o r  the  conductometric p a r t i c l e  analyzer  

v i t h  respect  t o  operat ion i n  space is the  method used t o  con t ro l  t he  pressure  

dr iv ing  the  f l u i d  through the  o r i f  i ce .  Current ly ,  a mercury manometer is 

w e d  and t h i s  device would not  funct ion i n  a zero-g environmen~. A modifi- 

ca t ion  of t h i s  f ea tu re  would be  necessary and might be accomplished v i t h  a 

diaphragm t o  regula te  pressure r a the r  than a mercury column. 

Par t ic le-count ing instruments ?.re commonly used f o r  ana lys i s  of 

d i s c r e t e  samples and a s  such would not  i n t e r f a c e  d i r e c t l y  with a separa t ion  

device used i n  the  NASA program. An a d a p t a t i ~ n  of t he  device could be 

developed t o  e f f e c t  a d i r e c t  i n t e r f a c e  with a separa t ion  system having sev- 

e r a l  e f f l uen t  channels. This could be accomplished through the  use of a 



rotary valve attached t o  the ef f luents  of the separation device (see I l lus -  

t r a t i o n  tha t  follows). Rotary valves su i t ab le  f o r  t h i s  purpose are  manu- 

factured by J-Z Associates, Waltham, Massachusetts. The rotary valve 

could be programmed t o  sequentially and continuouslv sample each of the 

eff luents .  The major portion of each ef f luent  would be diverted t o  a 

sample col lec tor  and only a small portion passed through the coun* i a f t e r  

appropriate di lut ion.  We have discussed t h i s  concept with the  p b i t i c l e  

detection group a t  Los Alamos, and they f e e l  i t  is feas ib le .  Care would 

have t o  be taken t o  ensure tha t  the ef f luents  from the  device have the same 

buffer  composition t o  avoid changes i n  conductivity from one sample t o  the 

next. 

Photographic and Microscopic Methods 

A number of detection techniques described i n  t h i s  report  u t i l i z e  

photographic means as  a method of recording data. For t h i s  reason, some 

photographic equipment has been included i n  the instrument survey. The 

avai lable  phctographic equipment and techniques a re  very large i n  number 

and a re  beyond the scope of t h i s  report.  

A discussion of the principles of microscopic methods used i n  

s c i e n t i f i c  research is s imi lar ly  broad and w i l l  not be presented in t h i s  

report.  





SUMMARY AND RECOMMENDATIONS 

I n  the  collduction of t h i s  research program, a large number of 

ana ly t i ca l  methods were surveyed and evaluated f o r  t h e i r  relevance t o  the 

object ive of p a r t i c l e  detection i n  space. From these methods, ce r t a in  

were selected f o r  fur ther  review. In  the previous sect ions,  the pr inc ip les  

of these selected methods were outlined and the in ter face  of the  methods 

with separation devices was described. For purposes of comparing these 

methods with each other  aad evaluating t h e i r  effect iveness,  a suarnary 

t a b l e  has been prepared (Table12). The second column of the ta5le lists 

the  types of p a r t i c l e s  which can be detected according t o  s i z e  range. It 

should be understood tha t  the individual methods can detect  pa r t i c l e s  pro- 

vided ce r t a in  conditions are  met. For example, photometric methods w i l l  

de tec t  only those substances which have adsorption peaks within the wave- 

length of the pa r t i cu la r  range of the nrethod. The f i r s t  two e n t r i e s  i n  the  

table ,  v i s i b l e  and u l t r av io le t  photometry, r e f e r  t o  pa r t i c l e s  in solu t ion  

and not suspensions of c e l l s .  Microphotometric methods do exist f o r  detect ing 

const i tuents  and monitoring reactions within individual ce l l s .  

The r e s u l t s  of the  study indica te  tha t  many well-established detec- 

t i o n  techniques could be readily adapted t o  detect  pa r t i c l e s  i n  space. In  

addit ion,  ce r t a in  newly emerging technologies such as multiparameter part ic-  

u l a t e  analysis  and image analyzers may be of value i n  p a r t i c l e  detection and 

analysis .  

A s  a r e s u l t  of t h i s  survey, w e  believe tha t  the  following s p e c i f i c  

techniques would be of the  most value i n  monitoring electrophoret ic  o r  other  

types of separations i n  space. Most of the techniques w i l l  require some 

adaptation t o  in ter face  adequately with the separation device. 
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(1) Visible .  Absorption Photometry 

X simple and convenient de tec tor  f o r  i n  s i t u  analysis  could be 

devised with a f iber-opt ic  l i g h t  pipe which t raverses  the  separat ion c e l l .  

The l i g h t  pipes could e i t h e r  be arranged opposite each o ther  with the  ce13 

i n  between o r  could be mounted beside each o ther  with a mirror placed on 

the  opposite s ide.  With the use of high-intensi ty  sources,  the cross- 

sec t ion  of t he  l i g h t  beam could be very small and thus the  curvature of 

t he  electrophoresis  tube would not  be a problem. The p a r t i c l e s  being 

detected would, of course, have t o  absorb l i g h t  i n  t he  v i s i b l e  region. 

(2) Ul t rav io le t  Photometry /Fluorescence 

A simple and e f f e c t i v e  method combining W and fluorescence (29) 

could de t ec t  the  b io logica l  substances wi th in  the  e lec t rophores i s  c e l l .  

The e n t i r e  c e l l  could be i l luminated with a W source. On the  o ther  s i d e  

of the c e l l ,  a f luorescent  g l a s s  p l a t e  could be mounted. A camera placed 

back of t he  p l a t e  could then photograph the  g l a s s  p l a t e .  Bands of p a r t i c l e s  

would appear on the  photograph a s  dark bands. To accommodate t h i s  arrange- 

ment, one s i d e  of the  electrophoresis  c e l l  would have t o  be made of quartz .  

(3) Fluorescence 

A simple fluorescence de tec tor  employing f i b e r  op t i c s  could be 

constructed i n  a manner s imi l a r  t o  the one described above f o r  v i s i b l e  pho- 

tometry. The re turn  l i g h t  pipe would be mounted a t  a 90" angle t o  t he  

exc i t i ng  l i g h t .  The p a r t i c l e s  wi th in  the  separa t ion  c e l l  would have t o  

exhib i t  fluorescence a t  the  se lec ted  wavelengths. We would recommend t h a t  

e i t h e r  f luorescent  ant ibodies  o r  f laorescent  markers ( f luoresce in  isothio-  

cyanate, dansyl isothiocyanate)  be used. These compounds adsorb and emit 

i n  the v i s i b l e  wavelength so  quartz  op t i c s  would not  be necessary. Cel l s  



label led  with f iuorescent antibodies can re t a in  t h e i r  v i a b i l i t y  and bio- 

logica l  function although the electrophoret ic  mobility may be a l t e red  

somewhat. 

(4) Light Scatter ing 

Light-scattering techniques have pa r t i cu la r  value fo r  i n  s i t u  

detect ion and many configurations a r e  possible. A narrow beam, law-power 

l a s e r  would be an idea l  l i g h t  source s ince  the  curvature of the  electro-  

phoresis tube would adversely a f fec t  the beam. A t raversing system could 

be designed with the l a s e r  on one s ide  and the photocell on the  other.  For 

the highest s e n s i t i v i t y ,  a small ( < 5 O )  an,le from the  incident l i g h t  skould 

be used. 

(5) Radiometric Methods 

125 
Labelling of the p a r t i c l e s  with the  gamma-emittlng isotopes, I 

C 'I 

and > k r ,  is strongly recommended as  the  bas i s  f o r  a radiometric detection 

method. I n  s i t u  detection could be accomplished by a t raversing sodium 

iodide c rys ta l  mounted behind a lead shie ld  containing a s l i t .  Analysis of 

the  e f f luen t s  from a separation device can a l so  be accomplished with a scin- 

t i l l a t i o n  crys ta l .  

(6) Multiparameter C e l l  Detection Systems 

The multiparameter c e l l  detect ion systems described previously 

i n  t h i s  report  have much potent ia l  fo r  analysis  of e f f luen t s  from separation 

devices. By combining the  techniques of multiangl a l i g h t  sca t ter ing ,  f lwr- 

escence, and v i s i b l e  l i g h t  adsorption, systems of t h i s  type a r e  able t o  detect  

and dist inguish many d i f fe ren t  types of  particle^ . We recommend, therefore, 

tha t  contact be  maintained with the  group a t  Los Alamos Sc ien t i f i c  Laboratories. 
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T I T L E  

PUBLICATION 

Vol. No, D a t e  P a g e  ( 8 )  

SUBSTANCE DETECTION 
S F  PA RATED METHOD- 

SUPP9RTING PlEDIUM - 
B u f f e r  pH T e m p e r a t u r e  C 

D I S C U S S I O N :  



ASSAY TECHNIQUE 

INSTRUMENT 

MODEL NO. COST 

ELECTRICAL INPUT V Hz Watts 

COMMERCIAL EQUIPMENT WORKSHEET 

READOU'T 
or 

OUTPUT VOLTAGE V OUTPUT IMPEDANCE Ohm 
EQUIPMENT SIZE ( in) ( in) ( in) 

volume m3 ( 
3 in ) 

Qualitative @ 

Weight - kf3 ( lb 

# -A Quantitative 

RANGES : Wave length nm Scan Speed 

Operating Temperature C 

Absorbance G .!er - 
Compatibility with Spacecraft Operation 

Complexity of Operation 

.I 

Mfgr. recommends for the following classes of candidates: 

Accuracy 

Sensitivity 

Saaple State Concentratj on 

Sample Size Purity 

Particle Size Range u Resolution- 

& 

ACCESSORIES AVAILABLE (not included in basic specifications above) 
I i 

Cat. No.. t- iw2ight, Add'l I 
Nomenclature Size, in. , b. 

I 
: 
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Date Mailed 
A- 3 

LUSER INFORMATION FORM J 
Equipment Nomenclature 

Model No. 

Manufacturer 

User's Name Phone ( ) 

Co. or Univ. A f f i l i a t i o n  

City S t a t e  Zip 

(1)  How is  equipment used? (appl ica t ion)  

(2) HOW long has present equipment been i n  use? 

(3) R e l i a b i l i t y :  

Needs minor adjustment - Rarely Occasionally Often 

. Replacement par t s  
required - Rarely Often 

Reproducibi l i ty  of 
r e s u l t s  - Good Fa i r  L3_1 Poor 

(4) Complexity of Operation: 

Extremely complex Moderate s k i l l  required e a s i l y  learned 

* point  system protocol;  e.g., "rarely" = 6 points .  
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(30) Coulter Electronics, Inc. 
600 West 20th Street 
Hialeah, Florida 33010 
(305) 885-0131 
(Code 88, 94) 
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(33) du Pont Company 
Instrument Products Division 
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Rodney G. Hilton 
Market Development Manager 
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Chicago, Illinois 
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Columbus, Ohio 
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839 Ward Drive 
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(39) Epic, Inc. 
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New York, New York 10038 
(212) 349-2470 

M r .  Pe te r  Let ica  
(Code 7, 49) 

(40) Farrand Optical Co . , Inc. 
C~mrnercial Products Division 
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Valhal la ,  New York 10595 
(914) 428-6800 
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(41) Finnigan Corp. 
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(408) 732-0940 
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M r .  Chuck Adams 
254 Foxcrof t Road 
Pi;. s b u r g h ,  Pennsylvania 15220 
(4i2) 279-5544 

M r .  -4. Pace 
800 E. Northwest Hlghway 
Pa la t i ne ,  I l l i n o i s  60067 
(408) 732-0940 



(42) Fisher  S c i e n t i f i c  Company 
711 Forbes Avenue 
Pi t t sburgh ,  Pennsylvania 15219 

(43) Gal i leo Electro - Optics Corp. 
Gal i leo  Park 
Sturbridge, Massachusetts 01518 
(617) 347-9191 
(Code 

(44) Gamma S c i e n t i f i c ,  Inc. 
3777 Ruffin Road 
San Diego, Cal i forn ia  92123 
(714) 279-8034 
Harold F ie ld  o r  George Unangst 
(Code 56, 1L9) 

(45) GCA/McPhe .son Instrument 
530 Main S t r e e t  
Acton, Massachusetts 01720 
(617) 263-7733 
(Code 154, 155) 

(46) Gelman Instrument Company 
600 S. Wagner Road 
Ann Arbor, Michigan 48160 
(313) 665-0651 

M r .  Monte Vincent 
(Code 119) 

M r .  Paul Friedman 
Cincinnat i ,  Ohio 
(513) 79>5100 

M r .  Chuck Brooks 
Brooks Engineering Company 
227 E. Walton Place 
Chicago, I l l i n o i s  60611 
(312) 944-1227 

M r .  Robert L. Williams 
14850 Greenfield S t r e e t  
Apartment 23 
Det ro i t ,  Michigan 48227 
(313) 871-2155 

M r .  Royal1 Greene 
o r  Roberta A. Gilkey 
P ~ n a g e r ,  Laboratory Consultation 
(800) 521-0603 

(47) Gencom Division/Emitronics , Inc . 
80 Express S t r e e t  
Plainview, New York 11803 
(516) 433-5990 
(Photomultiplier tubes and diodes, lamps, miniature TV cameras) 

(48) General Medical Systems, Inc . 
3814 Cavalier Drive 
Garla>d, Texas 75042 
(214) 272-6488 . 
Joseph L. Longoria, President  
(Code 270, 271) 



(49 )  Geveral Science Corp. , Subsidiary of J. T, Baker 
525 Broad S t r ee t  
Bridgeport, Connecticut 06604 
(203) 377-3784 
Mr. Dudley Carpenter 
(Code 260) 

Geometric Data Corp. 
999 West Valley Road 
Wayne, Pennsylvania 19087 
(215) 687-6550 
Melvin N. Mil ler  
Bob Francs 
(Code 47) 

(51) Gilford Instrument Laboratories,  Inc . Lee Andrews 
Oberlin, Ohio 44074 3236 Harrison Avenue 
(216) 774-1041 Cincinnat i ,  Ohio 45211 
E. F. Valenzuela (513) 661-7953 
(Code 80,123,138,158,187,256) 

(52) Gilson Medical Elec t roc ics ,  Inc. 
3000 W. Be l t l i ne  
P. 0. Box 27 
ll iddleton, Wisconsin 53562 
(608) 836-1551 
(Code 11, 118) 

(53) Glenco S c i e n t i f i c  
2802 White Oak Drive 
Ho~;ton, Texas 77007 
(713) 861-9123 

M r .  Kenneth Stephens, VP 
(Code 42, 117, 160) 

(54) GOW-MAC Instrument Company 
100 Kings Road 
Madison, New Jersey 07940 
(201) 377-3450 

M r .  Robert J. Matkieu 
(Code 227) 

Dave Klousie 
Gilson Medical Elec t ronics  
683 E. Broad S t r ee t  
Columbus, Ohio 43215 
(614) 272-2032 

Whitt Sales  Company 
P. 0 .  Box 45237 
Cincinnat i ,  Ohio 45237 
(513: 761-5602 



(55) Hach Chemical Company 
P. 0. Box 907 
Ames, Iowa 50010 
(515) 232-2533 

M r .  Dean Bibler 
(Code 63, 64) 

(56) Harshaw Chemical Company 
Kewanee O i l  Company 
6801 Cochran Road 
Folon, Ohio 44139 
(216) 248-7400 
(Solid-state r ad i a t ion  de tec tor )  

(57) HelL-la Laboratories 
1530 Lindbergh Drive 
P. 0. Box '52 
Beaumont, Texas 77704 
(713) 842-3714 

M r .  Tipton Golias 
Mr. James Ne! son 
(Code 17, 55, 109) 

(58) Honeywell, Inc . Don Brown 
I n d u s t r i a l  Division 1320 Dublin Road 
1100 Virginia  Drive Coltlmbus , Ohio 43215 
Fort  Washington, Pennsylvania 19034 (614) 486-5971 
(215) 643-1300 
(Code 198) 

(59) Charles A.  Hulcher Company, Inc. 
909 G St ree t  
Hampton, Virginia  23361 
(804) 245-6190 
Charles A. Hulcher 
(Code 97, 133, 257) 

(60) Hycel, Inc. 
7920 Westpark Drive 
Houston, Texas 77036 
(713) 752-6740 
Paul Judkins 
(Code 116) 

Mr. Jim Southworth 
(216) 777-7173 
Mr. John Voigt 
(803) 231-1944 



(61) Image Analyzing Computers, Inc . 
Robert Pitt Drive 
Monsey, New York 19052 
(914) 356-3331 
Mr. Ron Swenson 
Mr. John Jeffry 
(Code 233, 234, 235) 

(62) International Light, Inc. 
Dexter Industrial Green 
Newburyport, Massachusetts 01950 
(617) 465-5923 
Mr. Charles P. Comeau 
(Code 57, 108, 182) 

(63) International Micro Optics 
Charvoz-Carsen Corp. 
5 Daniel Road 
Fairf ield , New Jersev 07006 
(201) 227-6767 

M s .  Carol Saloane 
(Code 239) 

(64) Instrumentation Laboratory, Inc, 
113 Hartwell Avenue 
Lexington, Massachusetts 02173 
(617) 861-0710 
(Code 225, 226) 

(65) Instrumentation Marketing Corp . 
820 South Mariposa Street 
Burbank, Califorlia 91506 
(213) 849-6251 
(Code 258) 

(66) Instrumentation Specialties Co. (ISCO) 
4700 Superior 
P. 0. Box 5347 
Lincoln, Nebraska 68505 
(402) 464-0231 
Mr. James Nelson 
Mr. Lorance Newburn 
(Code 91, 115) 

Mr. Robert Anderson 
Bower 5 Haack, Inc. 
2386 Territorial Road 
St. Paul, Minnesota 55114 

Mr. M. Kendell 
Ercona Corp. 
2492 Merrick Road 
Bellmore, New York 11710 

Mr. Kemp Hickey 
Cincinnati, Ohio 
(513) 793-7562 

M;. Glen Bridges 
1910 Weilington Drive 
Grand Prairie, Texas 75050 
(214) 262-6194 
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(68) Kontes Glass Co. Otto v .sow 
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Vineland, New Jersey 08360 1916 Greenleaf S t r ee t  
(609) 692-8500 Evanston, I l l i n o i s  60204 
Eric  Nyberg (312) 475-0707 
(Code 5) Chicago (312) 273-2400 

Laboratory Data Control 
Division of the  Milton Roy Company 
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P. 0.. Box 10235 
Riviera Beach, Florida 33404 
(305) 844-5241 

Mr. Robert Weller) 
(Code 71) 

(70) Lab. Line Ins  t . , Inc . 
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Ken Hopkins 
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I. F. Katz 
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M i l l v i l l e ,  Massachusetts 01529 
(617) 883-4809 
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M r .  Paul Mills 
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Richard G.  McKee* VP 
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(513) 271-7600 



, T 
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(86) Nuclear Data, Inc. 
Golf and Meachun Road 
Schaumburg, I l l i n o i s  60172 
(312) 885-4700 
J. K. Heraty 
(Code 207, 208, 209) 

M r .  Tom G r i f f i n  
Cleveland, Ohio 
(216) 331-5145 

(87) Nuclear Semiconductor Howard Soisson 
163 Const i tut ion Drive Contemporary 5cience 
P.  0 .  Box 2367 105 Fa i rda le  Avenue 
Menlo Park, Cal i forn ia  94025 Westervi l le ,  Ohio 
(415) 325-4452 (614) 802-6908 
Thomas Moir 
(Code 247) 

(88) Nucleus, Inc. (The) 
P. 0. Box R 
Oak Ridge, Tenn 37830 
(615) 483-0008 
Mr. J i m  Jordan 
(Code 37, 128, 172) 

(89) NUSonics, Inc.  
9 7;eystone Place 
p .  9. Box 248 
Paramus, Mew Jersey 07652 
(201) 265-2400 
Mike I e l l a  
(Code 30) 

R.  J .  Br l -  
3537 Epley Road 
Cincinnat i ,  Ohio 45239 
(513) 522-0096 

(90) Nye Optical Company 
8781 Troy S t r ee t  
Spring Valley, Cal i forn ia  92077 
(714) 466-2200 
(W te lephoto lenses  f o r  35-mm cameras, vidicon o r  movie cameraa) 

(91) Olympus Corp. of America Joseph Ridag 
2 Nevada Drive 13078 Shef f ie ld  Drive 
New Hyde Park, New York 11040 Pickerington, OF 43147 
(516) 488-3880 (614) 866-9791 
(Code 10, 53) 



(92) Orion Research, Inc. 
Sage Instrumznts 
11 Blackstone S t r e e t  
Cambridge, Ma 02139 
(617) 864-5400 
(Code 137) 

(93) Ortec, Inc. 
An EG 6 G Company 
Li fe  Science Products 
100 Midland Roaa 
Dak Ridge, Tenn 37830 
(515) 482-4411 
(Code 67,176,177,178,179) 

(94) P a r i f j c  Photometric Instrcments 
5745 Peladeau S t r ee t  
Emeryville, Cal i forn ia  94608 
(415) 654-6585 

Mr. Frederick Weekes 
(Code 78) 

(95) P a c h r d  Illor;ument Company, Inc . 
Sub. of AMBAC Indus t r i e s ,  Inc. 
2200 Warrenville Road 
Downers Grove, I l l i n o i s  60515 
(312) 969-6000 
(Code 34) 

(96) P a i l l a r d ,  Inc. 
1900 Lower Road 
Linden, New Jersey 07336 
(Code 87) 

Tom Turr if  f 
33C Cardinal Drive 
Medina, Ohio 44756 

Bob Cauthen 
Columbus, Ohio 
(614) 459-2612 

TIBY Company 
M r .  R. Newman 
2245 Warrensville Center Rd. 
Cleveland, Ohio 44118 
(216) 371-5335 

Bob Gehring 
X29  West Third Avenue 
Columbus, Ohio 43212 
(614) 486-1108 

(97) Panax Nucleonics Canada, Ltd. 
1505 Louvain S t r ee t  W, 
Montreal, Quebec 
Canada H2L2B2 
(514) 381-2311 

M r .  Bienendtock 
(Code 31, 32, 52) 



(98) Payton Associates,  Inc. 
220 Delaware Avenue 
Sui te  515 
Buffalo, New York 14202 
(716) 852-6213 
R. W. Baker 
(Code 77) 

(99) Pen Kem Coinpany 
P: 0. Box 364 
211 Cleveland n r ive  
CI-oton-On-Hudson, New York 10520 
(914) 271-5447 
Mr. John G . Penniman , Jr . 
P h i l l i p  Goetz 
Fred Chris t iansen,  New Product Eng. 
(Code 89, 90) 

(100) Perkin-Elmer Corporation D r .  Allen Grey 
Main Avenue (203) 762-100U 
Norwalk, C t  06856 
(415) 961-0461 M r .  B i l l  Erennat') 
(Code 69,76 ,183 ,248 ,249 ,250 ,262)  Lombard, I l l i n o i s  

(312) 495-3700 

(101) Pharnacia Fine Chemicals, Inc . .?r. Allen Wilcox 
800 Centennial Avenue (3i3) 355-0871 
Piscataway, New Jersey 0885L 
(201) 469-1222 
Mr. Cbarles Seiara  
(Code 1.11, 112, 164) 

(102) P h i l i j ~ s  Electr-onic Instruments EDAX In t e rna t iona l ,  Inc.  Dive 
A Sub. of North American Ph i l i p s  Co. Box 135 
750 S. Fulton Avenue P r a i r i e  View, I l l i n o i s  60069 
M t .  Vernon, New York 10550 (312) 634-0600 
(914) 664-4500 fir. Lopez 
Mr. Jerry Hemfield 
(Code 231, 252, 269) 

(103) Photo Research Division 
Kollmorgan Corp. 
3000 N. Hollywood Way 
Burt,sk, Ca l i forn ia  91505 
(213) 649-6017 
James Misch 
(Code 16) 

Gerald tlatz 
PI =on, II?C . 
7 ~ 3 3  Sundusky Rd. 
Rising Sim, Oh* 43457 
(419) 457-3231 



(104) Photo Metrics,  Inc,  
442 blarrett  Road 
Lexington, Massachusetts 02173 
(617) 862-8050 
Mr. John Scot t  
(Code 29) 

(105) Photronic , Inc . 
411 Cheltcna Avenue 
Jenkin: Iwn, Pennsylvania 19046 
(215) 155- 9991 
Mr. Dick Yichael 
(Code 100: 

(106) Photovolt Corpcration 
1115 Brqadway 
New Ycrk, New York 10010 
(212) 989-2900 

M r .  P.lsx Allentoff 
Mrs. R i t a  Coron 
M r .  Peter  Mer r i t t  
(Code 101, 102) 

(107) Picker Corporat ic~l  
12123 Princeton Pike 
Cincinnat i ,  Ohio 45246 
(513) 671-7242 
Edward Rodabaugh 
(Code 124, 129, 171) 

(108) Polyscience Corporation 
6366 Gross Point Ro.-,d 
Niles ,  I l l i n o i s  *i648 
(312) 647-0611 
Me. Elizabeth Bachman 
(Code 261) 

(109) Princeton &? l i ed  Resea~.ch Coxp, Mr. David A. Bet30 
P. 0.  Box 2565 Clevel2nd, Chi o 
Princeton, New Jerae; 08540 (216) 333-12L + 
(609) 452-21.'. 1 
(Code 35) 



(110) Princeton Gamma - Tech, Inc. 
Box 641 
Princeton, New Jersey 08540 
(609) 924-7310 
(Code 243, 244, 245) 

(111) Process & Instruments Corp. 
1943 Broadway 
Brooklyn, New York 11207 
(212) 452-8380 

M r .  Greenspan 
(Code 263) 

(112) Rank Precision Indus t r ies ,  Inc . 
411 J a r v i s  Avenue 
Des Plaines , I l l i n o i s  60018 
(312) 297-7720 

M r .  Cres 
(Code 109) 

(113) Raytheon Company 
Medical Electronics Operation 
P. 0. Box 397 
Fourth Avenue 
Burlington, Ma 01803 
[617) 272-7270 
Code 127) 

(114) Recognition System, Inc. 
15531 Cabrito Road 
Van Nuys, Cal ifornia  91406 
(213) 785-2179 
Harvey L. Kasdan, Ph.D. 
(Code 28, 75) 

(115) ROYCO Instruments, Inc . 
141 Jefferson Drive 
Menlo Park, Cal ifornia  94025 
(415) 325-7811 
Mr. Stanle Strobe1 
(Code 12, 74) 

Lee Ashcraft 
Cincinnati ,  Ohio 
(513) 791-6530 

Michael Farinacci  
4550 Rainbow Road 
South Euclid, Ohio 44121 
(216) 461-1585 



(116) Rudolph Instruments Engineering 
Company, Inc . 

61 Stevens Avenue 
L i t t l e  Fal ls ,  New Jersey 07424 
(201) 256-1491 

M r .  Eellmuth Rudolph 
(Code 51, 184, 264) 

(117) Rudolph Research 
Pier Lane 
Fairfield,  New Jersey 07006 
(201) 227-6810 

M r .  Hans Ernesti 
(Code 50, 70) 

(118) SAI Technology Company 
(Formerly JRB , Inc . ) 
8953 Complex Drive 
San Diego, California 92123 
(714) 459-2601 
James T. Palmer, VP 
Timothy Geiser, Product Mgr , 
(Code 96) 

(119) Sargent-Welch Scient i f ic  
7300 N. Linder Avenue 
Skokie, I l l i n o i s  60076 
(312) 677-0600 
(Code '85, 186) 

(120) Science Spectrum, Inc . 
1216 Sta te  Street 
Box 3003 
Santa Barbara, California 93105 
(805) 963-8605 
James Hawes 
(Code 73) 

Ron Chain 
10400 Toconic Terror 
Cincinnati, Ohio 45215 
(513) 771-3850 

(121) Scient i f ic  Products 
3430 Waukegan Road 
Xc3aw Park, I l l i n o i s  60085 
(312) 973-3600 
(Code 



(122) Schoef f e l  Instrument C o r p o r a t i o ~  
24 Booker S t r ee t  
Westwood, New Jersey 07675 
(201) 664-7263 
George O'Dom, Ph.D. 
(Code 36, 58) 

(123) Searle  Analytic, Inc. 
2000 Nuclear Drive 
Des Plaines,  I l l i n o i s  60018 
(Code 216, 217, 218) 

Edward J. Zurmuhlen 
5643 Chevoit Road 
Cincinnat i ,  Ohio 45239 
(513) 931-9100 

(124) SHM Nuclear Corporation 
570 Del Rey 
Sunnyvale, Cal i forn ia  94086 
(408) 245-3136 
Mr. Dave Reizes 
(Code 242) 

(125) SKAN-A-MATIC 
P. 0. Box S o r  R t .  5 West 
Elbridge, New York 13060 t 
(315) 689-3961 t 

I 

(Sub-miniature l i g h t  sources,  photodetectors,  scanners C assoc. e l ec t ron ic s )  i 
$ 

(126) Spa t i a l  Data Systems, Inc. Daniel P . Ulrich 
P. 0. Box 249 o r  500 S. Fairview Electro Sales  Associates 
Goleta, Cal i forn ia  93017 1635 Mardon Drive 
(805) 967-2383 Dayton, Ohio 45432 
Fred Clark (513) 426-5551 
(Code 43, 44) 

(127) Technical Consulting Service 
P. 0 .  Box 141 
Southampton, Pennsylvania 18966 
(215) 947-2275 
Horst K. Blume 
(Code 99) 



(128) Technicon Instruments Corp . 
511 Beaedict Avenue 
Tarrytown, New York 10591 
(914) 631-8000 
(Code 139, 140) 

(129) Tektronix, Inc . 
P. 0. Box 500 
Beaverton, Oregon 97005 
(503) 644-0161 
(Code 13) 

(130) Tracor, Inc. 
6500 Tracor Lane 
Austin, Texas 78721 
(512) 926-2800 
(Code 146) 

(131) Transamerican Instrument Corp . 
85 Kinderkamack Road 
Emerson, New Jersey 07630 
(201) 265-8906 

M r .  Roland Kologr ivov 
(Code 14, 59) 

(132) Transidyne General Corp . 
903 Airport Drive 
Ann Arbor, Michigan 48106 
(313) 769-1900 

M s .  Vicke Shallhorn 
(Code 8, al, 98) 

(133) Tr i -R Instruments, Inc. 
48 Merrick Road 
Rockville Centre, New York 11570 
(516) 766-5134 
(Code 212) 

Thomas Edwards 
Suite 5 
12 West Shelby Blvd. 
Worthington, Ohio 43085 
(614) 888-4040 

(134) G. K. Turner Associates 
2524 -Pulgas Avenue 
Palo Alto, California 94303 
(415) 324-0077 
~har les -Re l t s l ey  
(Code 191, 194, 200, 203) 



(135) Union Carbide Corp. Paul Orwick 
Tarrytown Technical Center 120 S. Riverside Plaza 
Tarrytown, New York 10591 Chicago, I l l i n o i s  60606 
(Code 91 (312) 822-7015 

(136) United Detector Technology, Inc. Ed Boggs 
2644 30th S t r ee t  Die t r ich  E. Associates,  Inc. 
Santa Monica, Cal i forn ia  90404 333 West F i r s t  S t r ee t  
(213) 396-3175 Dayton, Ohio 45402 
Chris  Hageman (513) 223-6042 
(Code 136, a l s o  so l id-s ta te  photo diodes) 

(137) Vactec, Inc. Scot t  Electronics  
2423 Northline Indus t r i a l  Boulevard M r .  Ted Chamberlain 
Maryland Heights, Missouri 63043 2677-112 E. Main S t r ee t  
(314) 872-8300 Columbus, Ohio 43209 
(Code 192) (614) 236-8619 

(138) Vangard Systems, Inc . 
Ten P r i ce  S t r ee t  
Dobbs Ferry, New York 10522 
(914) 693-6130 

M r .  Herbert Rosenf e l d  
(Code 132) 

(139) Varian Associates 
611 Hansen Way 
Palo Alto,  Cal i forn ia  94303 
(415) 493-4000 

M r .  Allen Shelton 
(Code 79, 110, 150) 

(140) V i r  T i s  Company 
Phoenix Precis ion Instruments 
R t ,  208 
Gardiner, New York 12525 
(914) 255-5000 
J e r r y  Bartholomew 
(Code 22, 147) 

Dick Drotleff 
2500 Euclid Avenue 
Euclid,  Ohio 44115 
(216) 261-2115 



(141) Vitatron Medical, Inc . 
45 "A" Street 
South Boston, Massachusetts 02127 
(617) 269-8445 
Anthony Featherstone 
Lawrence 8. Foley, Jr. 
(Code 105, 106, 107) 

(142) Volu-Sol Medical Industries, Inc. 
1034 S. Couunerce Street 
'Las Vegaa, Nevada 
(702) 384-1731 
(Code 246) 

(143) Wate~s Associates, Inc . 
Maple Street 
Milford, Massachusetts 01757 
(617) 478-2000 
(Code 2, 61) 

(144) Wescan Instruments, Inc . 
3018 Scott Boulevard 
Santa Clara, California 95050 
(408) 248-3519 
(Code 170) 

(145) Wilks Scientific Corp. 
140 Water Street 
P. 0. Box 449 
S. Noralk, Ct 06856 
(203) 853-1616 
Mr. Harold Jacobs 
(Code 236) 

(146) C. N. Wood Manufacturing Company 
Newton Industrial Commons 
Route 332 
Newtcwn, Pennsylvania 18940 
(215) 968-4268 
Mr. Hunsberger 
(Code 72) 

Dick Goddard 
Johu Sarruda 
Pittsburgh , Pennsylvania 
(412) 828-7728 

P. J. Navin , ~mpany 
Mr. David Burge 
P. 0. Box 213 
W. Carrollton, Ohio 46449 



(147) Carl Zeiss, Inc. 
444 F i f th  Avenue 
New York, New York 10018 
(212) 736-6070 
(Code 141,142,143,144,145,174) 

(148) Zena Company 
22084 Hamilton Boulevard 
S .  P la inf ie ld ,  New Jersey 07080 
(201) 754-4109 
Mr. Joe DelGaldo 
(Code 54) 

Robert Wenzel 
1120 Morse Road 
Columbus, Ohio 43229 
(614) 846-1800 
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APPENDIX D 
D-1 

INSTRUMENT APPLICATIONS INDEX 

Assay Technique Ins t rurnent Code Nos. 

(1) Photometric (general applications) 67 78 176 177 178 

(2) Photometric/Absorptive/Inf rared 13 42 59 65 79 91 
1C7 149 156 160 161 
162 185 186 191 214 

I-! 
i, 222 236 248 252 

(5) Photometric/Refractive/Fon~ard Zight 25 26 27 28 38 60 
Scattering 64 72 73 75 89 90 

139 140 147 148 175 

(7) Photometric/Ref ractii~e/Ref rac tometry 2 7 15 61 62 70 71 
72 148 164 165 227 
2 39 



Assay Technique 

(8) Photometric/EmScaive/Fluorimetry 

(9) Photometric/Polarimetry 

(10) Electrometric/Potentiometry and Coulometry 

(11) Electrometric/Conductimetry 

(12) Radiometric/Scintillation Photometry 

(13) ~adiometric/~amma-~ay Spectrometry 
and Direct Radiation Counting 

(14) &diometric/X-Ray Fluorescence 

(15) Radiometric/Beta Absorption 

(16) Microcalorimetry 

(17) Ultrasonic 

(18) Multiparameter Cell Analysis 

(19) Automated Image Analysis 

(20) Particle Counting (general applications) 

(21) Particle Counting/Optical 

(22) Particle Counting/Electroconductfme tric 

(23) Photography 

Ine t rument Code No. 



Assay Technique 

(24) Light Microscopy 

Instrument Code No. 

(25) Inmnrnologically based/~nnnunof luorescence 
(see Photometrlc/~misslve/~luo~i~try) 

(26) Immunologically basedf~gglut inat ion 23 77  

(27) Enzymatically based/Chromogenic Substrates 9 123 138 219 226 
240 255 256 

(28) Enzymatically based/ATP Photometry 1 96 122 195 254 



D-4 CodeNo, 1 

WMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Enzvmatic/ATP Photoutetrv 

h r i c a n  Instrument Co. 

S i lve r  Springs, Maryland 

INSTRUMENT Chem-Glow Photometer 

MODEL OR CATALOG NO. - 4- 7441 

Points* Factor Spec i f ica t ions  

Cost 
Power required 
Volume (m3) 
Weight (kg) 
Complexity of use 
R e l i a b i l i t y  3 

$800 
115 V, 50160 Hz, 
0.008 
4.1 

from user  survey 

USER REFERENCES 

(1) 2.5 y r  D r .  Ivan Stern (312/965-4700) 
Baxter Laboratories 
6301 Lincoln Avenue 
Mo!.ton Grove, I l l i n o i s  60053 

990 watts  

7 y r  D r .  Judy St .  John (3011344-3471) 
Agriculture and Environmental Qual i ty  I n s t i t u t e  
Pes t ic ide  Action Laboratory 
Building 001, BARC West 
Bentsv i l le ,  Maryland 20705 

5 y r  D r .  Grace Piccicco (3011982-2121) 
National Aeronautics and Space Administration 
Goddard Space F a c i l i t y  
Code 726 
Greenbelt, Maryland 20771 

*See point system descr ip t ion .  



Code N o . 2 ,  

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE 
~ h o t o m e t r i c / ~ e f r a c t i v e / R e f r a c t o ~ t r ~  

.. - 

VENDOR 
Waters Associa tes ,  Inc.  

Milford,  Massachusetts  01751 

INSTRUMENT 
D i f f e r e n t i a l  Refractometer,  

xopn OR CATALOG NO. 
R-403 

Points*  Factor Specif  i c a t i o n s  

14.3  Cost 
28.3 Power require: 
20.7 Volume (m3) 

$2,400 
115 V, 50/60 Hz, 4 w a t t s  
0.007 

17.7 Weight (kg) 8.2 
15.2 complexity of use 
19.2 R e l i a b i l i t y  3 from u s e r  survey - 

USER REFERENCES 

(1) 1 8  QO D r .  C. G. S c o t t  (2011235-3993) 
Hof fmann-La Roche, Lnc. 
Kings land Avenue 
Nutley, New Je rsey  07110 

(2) 3 y r  J e r r y  K. M i l l e r  (2031348-7331) 
American Cyanamid Co. 
1937 West Main S t r e e t  
Stamford, C o n n e c t i c ~ t  06904 

(3) 3 mo Walt03 Caldwell (201/57L-5098) 
Merck & Co., Inc.  
Rayway, New Je rsey  0 7065 

*See poin t  system d e s c r i p t i o n .  



Code No. 3 

COMMERCIAL HARDWARE DESCRIPTION 

VENDOR LKB Instruments, Inc. 

Rockville, Maryland 20852 

INSTRUMENT Uvicord I11 UV Absorptiometer 

HODEL OR LTA'LOG NO. 2089 

Points* Factor specif ica:io& 

13.0 Cost 
13.4 Power required 
15.1 Volume (m3) 
15.8 Weiat (kg) 

$3,530 
115/220 V + lo%, 50/60 Hz, 8C watts - 
0.025 
13.0 

16.0 Cmplexity of use) irom ,,, sumey 
16.3 Reliability - 

USER REFERENCES 

(1) .2 yr Dr. R. M- Robson (5151294-5036) 
Iowa State University 
Muscle Biology Group 
Ames, Iowa 50010 

(2) 3 Yr Louis V. Avioli, M.D. (314/367-8060) 
Washington University School of Medicine 
The Jewish Hcspital of St. Louis 
216 South Kingshi ghway 
St. Louis, Missouri 63110 

(3) 1 mo Charles F. Schachtele (6121376-7577) 
University of Minnesota 
18-228 Health Sciences Unit A 
School of Dentistry 
Minneapolis, Minnesota 55455 

*See point system description. 



D-7 Code No. 4 

COMMERCIAL HARDWARE DESCRIPTION 

VENDOR Beckman Instruments, Inc. 

I rv ine ,  Cal i forn ia  

INSTRUMENT W-Vis i b l e  Spectrophotometer 

MODEL OR CATALOG NO. 
ACTA I11 

Points* Factor  Spec i f i ca t i ons  
-- 

10.0 Cost $9,300 
9 - 2  Power required 120 V, 50160 Hz, 360 wa t t s  
7.2 volume (m3) 0.471 
9.2 Weight (kg) 113.4 

11.2 
Complexity of use3 irom vper survey 20.8 R e l i a b i l i t y  

67.6 

USER REFERENCES 

(1) 2.5 y r  Melody K. Bean (6141299-3151, Ext. 2113) 
B a t t e l l e ,  Columbus Laboratories 
505 King Avenue 
Columbus, Ohio 43201 

(2) 15 mo Dave Mitchel l  (216159 3-1156) 
General E l e c t r i c  Conneaut Base P l an t  
Rieg and Map t e Avenue 
Conneaut, Ohio 44030 

(3) 
4.5 y r  D r .  Nick Baumgartner (2161491-4911 o r  -4241, Ext. 22) 

John Car ro l l  Universi ty  
Cleveland, Ohio 44118 

*See po in t  sys  tern descr ip t ion .  



D-8 Code No. 5 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet 

VENDOR Kontes Glass Co. 

Vineland. New Jersey 08360 

INSTRUMENT 3ensitometer 

MIDEL OR CATALOG NO. K-495000 
- - 

Points* Factor Specifications 
--- 

14.5 Cost 
15.9 Power required 
12.3 Volume (m3) 
15. 2 Weight (kg) 

$2,250 
115 V, 60 Hz, 40 watts 
0.056 
15.6 - 

16.6 C o ~ l e d t ~  of Use3 from 
17.8 Reliability 

USER REFERENCES 

(1) 7 mo G. E. Carter, Jr. (803/656-3451 or -3450) 
Cleuson University 
Department of Plant Pathology and Physiology 
Clemson, South Carolina 29631 

(2) 1 Yr H. M. Stahr (5151294-1950) 
Veterinary Diagnostic Lab 
Veterinary College, Iowa State University 
Ames, Iowa 50010 

(3) 15 mo Prof. Joseph Sherma (2151253-6281, Ext. 274) 
\ Department of Chemistry 

Lafayette College 
Easton, Pennsylvania 18042 

*See point system description. 



D-9 Code No. 6 

COlQ4ERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~adiometric/X-Ray Fluorescence 

VBNDOR Finnigan Corp. 

Sunnyvale, Ca l i forn ia  94086 
t 

' INSTRUMEIX Energy Dispersive X-Ray Spectrometer 
-- 

MODrZ. OR CATALOG NO. 800A 

Points* Factor  Spec i f i ca t i ons  

6 -7  Cost $47,500 
6 -  4 Power required 115V + lo%, 60 Hz, 1500 wa t t s  
5.7 ~ o l u m e  (m3) 1.160- 

281.6 7 - 3  Weight (kg) 
18.2 

Cowlexity use) from user survey 16.5 R e l i a b i l i t y  
60.8 

USER REFERENCES 

(1) 3 y r  W i l l i a m  Reuter. Ph.D. 415/486-3342 
Western Iiegional Research Center 
U. S. Dept. of Agricul ture  
800 Buchanan S t r e e t  
Berkeley, Cal i forn ia  947i0 

T. M. S p i t t l e r  6171223-7337 
US EPA, Region I Isb  
240 Highland Avenue 
Needham, Massachusetts 02194 

Donald T. Carlton 2191482-4411 
Magnavox Co, G & I  Division 
1700 Magnavox Way 
Ft .  Wayne, Indiana 46804 

*See poin t  system descr ip t ion .  



n-10 CodeNo. 7 

COINERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Refractive/Refractometry 

.yMDOR * Epic, Inc. 

New York, New York 10038 . 
' INSTRUMENT Abbe 60 Refractometer 

MODEL OR CATALOG NO. 60/ED 

Points* Factor Specifications 

15.9 Cost $1,555 
22.4 Power required 115V, 50160 Hz, 10 watts 
17.7 volume (m3) 0.013 
20.0 Weight (kg) 5.0 
22.4 Complexity of use 
17.7 Reliability 3 from user survey 

l K i  

USER REFERENCES 

Dr. James E. Johnson 8171382-2990 
Texas Woman's University 
Chemistry Department 
Denton, Texas 76204 

D. C. O'Shea 4041 894-5256 
Georgia Tech. 
School of Physics 
Atlanta, Georgia 30332 

Jack McEwan 2191724-2101 
Central Soya Co., Inc. 
1200 North Second Street 
Decatur, Indiana 46733 

*See point system description. 



D-11 Code No. 8 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorptive/Ultraviolet 

,VENDOR Trans idyne General COT. 

Ann Arbor, Michigzn 48106 

' INSTRUMENT RFT Scanning Densitometer 

MODEL OR CATALOG NO. 2950 

Points* Factor Spec i f ica t ions  

11.1 Cost $6,450 
10.6 Power required l l O V ,  60 Hz, 200 watts  
13- 7 volume (m3) 0.190 
13.1 Weight (kg) 27.2 

18-4 R e l i a b i l i t y  - 

USER REFERENCES 

(1) 2 y r  Emanuel Epstein,  Ph.D. 3131549-7000, Ext. 471 
William Beaumont Hospi tal  
3601 West 1 3  Mile. Road 
Royal Oak, Michigan 48072 

(2) 2 mo Bennie Zak, Ph.D. 3131577-1139 
Wayne S t a t e  U n i v ~ r s i t y  
School of Medicine 
540 East Canfield 
Det ro i t ,  Michigan 48201 

(3) 
3 Yr David E. Smith, M.D. 

Methodist Hospital  
Department of Pathology 
1604 North Capitol  Avenue 
Indianapolis ,  Indiana 46204 

*See poin t  sys  tem descript ion.  



Code N o .  9 

CO~RCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE EnzymaticIChromogenic Substrate  

Union Carbide Corp. 

Tarrytown, i<ew York 

' INSTRUMENT Centrifichem Analyzer 

MODEL OR CATALOG NO. 3U 0100 

Points* Factor Spec i f ica t ions  

7.3 Coe t $33,900 
5.7 Power required 115 + 10V, 60 Hz, 2300 wa t t s  
6.6 volume (m3) 0.649 
8.3 Weight (kg) 167.8 

20.2 
10.6 - R e l i a b i l i t y  
58.7 

USER REFERENCES 

(1) 8 mo Dick Mullen 2161998-3111, Ext. 2195 
Pshtabula General Hospi tal  
C l in i ca l  Labs ' 

2423 Lake Avenue 
Ashtabula, Ohio 44004 

(2) 1-112 y r  James Sutton 216/585-5500 
Richmond Heights General Hospital  
27100 Chardon Road 
Richmond Heights, Ohio 44143 

(3) 15 mo John bulder 216i775-1211 
Allen Memorial Hospi tal  
200 West Lorain S t r e e t  
Oberlin, Ohio 44074 

@See point system descript ion.  



D-13 Code No. 10  - 
COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Light Microscopy 

,yENDoR Olympus Corp. of America 

New Hyde Park, New York 11040 

' INSTRUMENT Vanox I1 Universal Research Microscope 

MODEL OR CATALOG NO. AH-100A 

Points* Factor  Spec i f ica t ions  

11.0 Cost $6,795 
15.0 Power required 120V, 60 Hz, 50-30 wa t t s  
10.3 Volume (m3) 0.116 
12 9 Weight (kg) 29.4 - - 
20-9 Complexity of use]  from survey 
18.8 R e l i a i i l i t y  
88.9 

USER REFERENCES 

D r .  Rainer, Pathologis t  6141461-2030 
Children 's  Hospi ta l  
561 South 17th S t r e e t  
Columbus, Ohio 43205 

D r .  Alberosen 6141421-4321 
Doctors Hospi ta l  North 
1087 Dennison Avenue 
Columbus, Ohio 43201 

Harvey L. Gibson, P.A. 5131228-5164 
Montgomery County Coroner's Off ice  
120 Zeigler  S t r e e t  
Dayton, Ohio 45402 

*See poin t  system descr ip t ion .  



D-14 Code No. 11 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometrlc/Absorption/~ltraviolet 

.WNDoR Gilson Medical Electronics ,  Inc. 

Middleton, Wisconsin 53562 

' INSTRUMENT Recording W Spectrometer 

MODEL OR CATALOG NO+ M-W-RP 

Points* Factor Specif i c a t l o n s  

13.7 Cost $2,770 
11.4 Power required 115V, 60 Hz, 150 watts 
13.2 volume (m3) 0.042 
13.9 w&ht(kgj  21.8 
12.' 

CoWlex"~ of '"3 from user  survey 13.3 R e l i a b i l i t y  
78.4 

USER REFERENCES 

(1) 1 y r  D r .  J o e l  Rosenbloom 2151243-6662 
University of Pennsylvania 
Histology Department, Dental School 
Philadelphia,  Pennsylvania 19172 

(2) 1 y r  M. D. Seymour 5131562-9462 
Proctor  and Gamble (Miami Valley Labs) 
Box 39175 
Cincinnat i ,  Ohio 45247 

(3) 4 m O  D r .  Robert Seinmeiex 7166831-5845 
S t a t e  University of New York a t  Buffalo 
Bioenergetics Lab, Room 168 
Acheson Hal l  
Buffalo, New York 14214 

*See poin t  system descr ip t ion .  



Code No. 12 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLZ Particle ~ounting/Electro-conductimetric 

.yENPoR Royco Instruments, Inc. - 
Menlo Park, California 94025 

. INSTRUMENT Microcellcounter 

MODEL OR CATALOG NO. 9 10 

Points+. Factor Specifications 

11.5 Cost $5,600 
12.6 Power required 115/230V, 50/60 Hz, 100 watts 
15.2 volume (m3) 0.024 
15.9 Weight (kg) 12.7 
20.4 Covlexity of use) from uoer 
18.3 Reliability 
93.9 

USER REFERENCES 

(I) 2 yr H. A. Woodson, Laboratory Manager 312/873-8200 
St. Bernard Hospital Ext.  428 
6337Harvard - 
Chicagq Illinois 60621 

(2) 6 mo Lila Friedman 415/497-6501 
Stanford University Medical Center 
Department of Pediatrics 
Stanford, California 94305 

Gardner Community Health Clinic 408/998-2264 
325 Willow Street 
San Jose, California 95110 

*See point system description, 



D-16 Code No. 1, 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Visib l e  

,VENDOR Tektronix Inc.  - 
Beaverton, Oregon 97005 

' INSTRUMENT PhotometerIRadiometer 

WDEL OR CA'fALOG NO, 516 Option 3 with 56514 Probe 

Point?* Factor  Spec i f ica t ions  

19.1 Cost $750 
13.6 Power required 115V, 60 Hz, 74 wat ts  
33.7 Volume (m3) 0.001 
27 1 Weight (kg) 1 .5  
17-9  Complaxity of use user survey 
17.3 R e l i a b i l i t y  I f  

1 5 3  

USER REFERENCES 

Ph i l i p  E. Barnhart 6141882-6711 
Otterbein College Physics Dept. 
Westervi l le ,  Ohio 43081 

Guy London 6141421-1714 
S t a t e  of Ohio Educational TV Commission 
2470 North S t a r r  Road 
Columbus, Ohio 43221 

H. L. Lazara 2061753-6092 
Washington S t a t e  Highway Department 
Highway Administration Building 
Olympia, Washington 98504 

+See point  system descr ip t ion ,  



Code No. 14 

COMMERCIAL HARDWARF DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/~bsorption/Visible 

.VENDOR Transamerican Instrument Corp. 

Emerson, New Jersey 07630 

' INSTRUMENT Spektromom 

MODEL OR CATALOG NO. 402 

Points* Factor Specif icat ions 

20.2 Cost $595 
17.1 Power required 220V, 50 Hz, 3:: watts 
17.4 Volume (m3) 0.014 
18.5 Weight ikgj 6.9  
10.0 

Cornplexity of from user survey 10.0 Rel iabi l i ty  
93.2 

GSER REFERENCES 

Foreign Users Only 

(Names not readily available) 

*See point sye tern description. 



Code No. 15 
D-18 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/~efraction/Re£ractometry 

.yENDOR American Opt ica l  Corp. 

Buff slo,  New York 14215 - 
'INSTRUMENT A+TS Meter - - -  - 
HODEL OR CATALOG NO, 

Points* Factor Spec i f ica t ions  

24.2 Coe t $292 
50.0 Power required None 
50.0 Volume (m3) 0.0002 
40.5 Weight (kg) 0.3 - 
24.8 C o m ~ l e x i t ~  of use j from user  survey 
23.2 R e l i a b i l i t y  - 

USER REFERENCES 

Diane Metcalfe 6141299-3151, Ext . 3310 
Battelle, Columbu: Laboratories 
505 King Avenue 
Columbus, Ohio 43201 

Sandy Wolf 6141261-5263 
Riverside Methodist Hospi ta l  
3535 Olentangy River koad 
Colunbus, Ohio 43214 

Duane Howell 6141461-2140 
Children's Hospi ta l  
561 South 17th S t r e e t  
Columbus, Ohio 43205 

point ay~tam descr ip t ion .  



D-19 Code No. 16 

COWRCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photomettic/Absorption/Vieib le 

yENDoR Photo Research -- 
Burbank, Cal i forn ia  91505 - . -. 

' INSTRUMENT Specta 1980 Pr i tchard  Photometer 

MODEL OR CATALOG NO. 1980-OP with 1980-CDB con t ro l  cczsals .snd LMS-60B micro l ens  

Points* Factor Spec i f ica t ions  

11.6 Coe t $5,580 
18.9 Power required 117 + 13 V, 30-400 Hz, 20 wa t t s  
14.8 Volume (m3) 0.021 
15 3 Weight (kg) 14.7 
14.7 

Co~lexi ty  of from user eurvey 14.2 R e l i a b i l i t y  
89.5 

USER REFERENCES 

Wally Richardson 6141466-4043 
S t a t e  of  Ohio, Dept. o r  Transportat ion 
Bureau of T r a f f i c  
450 East Town S t r e e t  
Colunbus, Ohio 43215 

Sgt . Robert Sear le  5131255-3384 
A i r  Space Medical Research Laboratory 
Human Engineering Division 
Wright-Patterson AFB, Ohio 45433 

Alan G. King 2161641-0580, Ext. 605 
Ferro Corporation Tech Center 
6500 East Pleasant Valley Road 
Independence, Ohio 44131 

*See point  sys tern descr ip t ion ,  



Code No. 1 7  

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE 
Photometric/Absorption/Visihle 

Helena Laboratories 
.ymDoR 

Beamont , Texas 

Auto-Scanner F l u r V i s  
' INSTRUMENT 

1202 
MODEL OR CATALOG NO. 

- 
Points* Factor Spec i f ica t ions  

12-2 Cost $4,500 
11-0 Power required 115V, 50/60 Hz, 173 wat t s  
12.5 volume (m3) 0.053 
l5.O Weidit (kgj 15.9 
15.1 C o q l e x i t y  of use 
13.8 R e l i a b i l i t y  

1 from user  survey 
79.6 

USER REFEUNCES 

(1) 1 m, Diane Huntress 916/456-7881, Ext . 731 
Mercy Hospital  
4001 J S t r ee t  - 
Sacramento, Cal i forn ia  95819 

M r .  C. E. Col l ins  602/263-1200, Ext. 374 
Pathology Department 
Phoenix Indian Medical Center 
U. S. Public Health Service 
4212 North 16th S t r ee t  
Phoenix, Arizona 85316 

M r .  Jack Dickenson 305/565-6642 
Damon Medical Lab 
3290 N.E. 12th Avenue 
Oakland Park, Flor ida 33306 

*See point  system descr' -ion. 



Code No. 18  

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Visible 

.yENDoR Fisher  S c i e n t i f i c  Co. 

Pi t tsburgh,  Pennsylvania 15219 

' INSTRUMENT Programachem 

MODEL OR CATALOG NO. 1040 

Points* Factor  Spec i f ica t ions  

6.5 Cost $56,500 
5 2 Power required 117V, 60 Hz, 3510 wat t s  
5.1 volume (m3) 1.878 

22.7 ~ ' G f e x ' t ~  of u se3  from sumeY 
15.9 R e l i a b i l i t y  
61.7 

USER REFERENCES 

(1) 2 y r  Jim P h i l l i p s  513/335-5624 
Dettmer Hospi ta l  
3130 North Dixie. Highway 
Troy, Ohio 45373 

(2) 3 y r  Bob Richards 2161746-8061, Ext. 209 
Youngstown Osteopathic Hospi ta l  
1319 Florencedale Avenue 
Youngstown, Ohio 44504 

(3) 1 4  mo D r .  John Fiskamp 
Community Hospi ta l  
1500 North R i t t e r  
Indianapol is ,  Indiana 46219 

*See poin t  system descr ip t ion .  



Code No. 19 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Visib l e  

.yRNDOR Bausch & .Lamb, Analyt ical  Systems Division 

Rochester, New York 14625 

MODEL OR CATALOG NO* 33-10-02 

Points* Factor Spec i f ica t ions  

21.2 Cost $495 
50.0 Paver required I n t e r n a l  ba t t e ry  
36.9 volume (m3) 0.0007 
35 7 Weight (kg) 0.5 - - - -  
35.1 

Complexity of use 3 from user  survey 8- 1 R e l i a b i l i t y  1m 

USER REFERENCES 

(1) 1 mo William F. Cowen 663-7237 
U. S. Army Medical Bioengineeriog R&D Laboratory 
Building 568, Ft. Detr ick 
Frederick, Maryland 21701 

(2) 1 mo David Kidd 5051277-2943 
University of New Mexico 
Biology Department 
Albuquerque, New Mexico 87131 

Barbara Blaine 8151968-9691 
I l l i n o i s  Water Treatment Co. 
840 Cedar S t r e e t  
Rockf ord, I l l i n o i s  61105 

*S,?e poin t  sys tern descript ion.  



Code No. 20 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Visible -, 

Hatboro. Pa. 19040 

' INSTRUMENT P l a t e l e t  Aggregation Prof iler 

MODEL OR CATALOG NO. PAP-2 

- -- -- - - -- 

Points* Factor  Spec i f ica t ions  

14.3 Cost $2,375 
12.6 Power required 115 + 10V, 60 Hz, 100 wat t s  
13 .1  volume (m3) 0.04'2 
15.6 Weight (kg) 13.6 
19.6 
16.; of from user  survey - R e l i a b i l i t y  
92.0 

USER REFERENCES 

Pat  Campbell 
Hematology Department 
Trumbull Memorial Hospi ta l  
1350 East Market S t r e e t  
Warren, Ohio 44482 
2161399-6461, Ext . 291.9 

Pe t e r  H. Levine, M.D. 
New England Medical Center Hospi ta l  
1 7 1  Harrison Avenue 
Boston, Massachusetts 02111 
6171482-2800, Ext. 2244 

H. S. Weiss, M.D. 
Roosevelt Hospi ta l  (Columbl a University) 
428 West 59th S t r e e t  
New York, New York 10019 
2121554-6641 

*See poin t  sys tern descr i2 t ion .  



Code No. 2 1 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet 

.WNDOR American Instrument Co. 

S i l v e r  Spring, Maryland - 
' XNSTRlREIiT DW-2 Spectrophotometer - - .  

MODEL OR CATALOG NO. 4-9600 

Points* Factor  Spec i f ica t ions  - 
8.3 Cost $20,895 
7.5 Power requi red  115V, 50160 Hz, 800 wat t s  
7.2 volume (m3) 0.470 
8.0 Weight (kg) 200 (es t . )  - 

l 7 o 1  C o m ~ l e x i t ~ o f  f romusersurvey 
15 3 R e l i a b i l i t y  
63.4 

USER REFERENCES 

(1) 4 m, D r .  Ted Sokoloski 6141422-6124 
The Ohio S t a t e  University 
College of Pharmacy 
Columbus, Ohio 43210 

(2) 2 y r  D r .  Dennis Nelson 2021295-1520 
Naval Medical Research I n s t i t u t e  
Bethesda, Maryland 20014 

(3) 3 y r  D r .  Ron Estabrook 2141688-3456 
University Texas Health Science Center 
Southwestern Medical School 
Department of Biochemistry 
5323 Harry Hines Blvd. 
Dal las ,  Texas 75235 

*See poin t  system descr ip t ion .  



Code No. 22 

COmRCIAL HARDWARE DESCRI2TION 

ASSAY PRINCIPLE Photometric/Absorption/Visiblt: 

.yENDOR The V i r t i s  Co. 

Gardiner, N e w  York 12525 

' INSTRUMENT Phoenix Micro Flow Colorimeter 

MODEL OR CATALOG NO. 800 

Points* Factor  Spec i f i ca t i ons  

19.1 Cost $757 
12.8 Power required 115V, 60 Hz, 30 wat t s  
25.6 Volume (m3) 0.003 
19.7 Weight (kg) 5.4 
13.3 C o m ~ l e x i t ~  of 3s' 3 from user  survey 
19.0 R e l i a b i l i t y  

1533 

USER REFERENCES 

Calvin L. Long, Ph.D. 419 1385-4661 
Medical College of Ohio a t  Toledo 
Department of Surgery 
Arlington & Detro i t  Avenues 
Toledo, Ohio 43614 

D r .  S. Nakai 6041228-4421 
Department of Food Science 
Universi ty  of Br i t i sh  Columbia 
Vancouver, B r i t i s h  Columbia, Canada 
V6T 1W5 

Pe te r  Mamunes, Ph.D. 8041 770-3033 
Medical College of Vi rg in ia  
11th & Broad S t r e e t s  
Medical Education Building 
Richmond, Vi rg in ia  23298 

*See point  system descr ip t ion .  



Code No. 23 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~mmunological/A&glut inat ion 

.yEMXlR Linter Sc i en t i f i c  Inc. 

M i l l v i l l e ,  Massachusetts 01529 

' INSTRUMENT Colysagraph 

MODEL OR CATALOG NO. 

Points* Factor Specif icat  ions 

13.3 Cost $3,200 
11.6 Power required 115/230 V, 50/60 Hz, 140-100 watts 
15.6 Volume (m3) 0.022 
16.9 Weight ikgj 10.0 
10*0 C o q l e x i t ~ o ~  u s e l  f r o m u s e r s u r v ~ j  
10.0 Rel iab i l i ty  
77.4 

USER REFERENCES 

New instrument, no users avai lable  

*See point system description. 



D-27 Code No. 24 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE P a r t i c l e  CountingIOptical (Light Sca t t e r )  

.VeNDOR Fisher  S c i e n t i f i c  Co. , Analy t ica l  I u t rument  Div. 

P i t t sburgh ,  Pennsylvania 15219 - 
' f NSTRUMENT Autocytometer I1 Blood C e l l  Counter - 
MODEL OR CATALOG NO. 2-682 

Points* Factor  Spec i f i ca t i ons  

11.9 Coat $4,995 
11.4 Power required 115V, 50160 Hz, 150 wat ts  
13.0 Volume (m3) 0.046 
14.1 Weight (kg) 20.4 
23* 7 C o ~ l e x i L ~  of Use 3 from sUwey 
19.0 R e l i a b i l i t y  
93.1 

USER REFERENCES 

Bob Richards 216/ 746-8061, Ext . 209 
Youngstown Osteopathic Hospi ta l  
1319 Florence Avenue 
Youngstown, Ohio 44504 

J i m  P h i l l i p s  5131335-5624 
Dettmer Hospi ta l  
3130 North Dixie Highway 
Troy, Ohio 45373 

Leu Diehle 5131492-4171 
Wilson Memorial Hospi ta l  
915 West Michigan 
Sidney, Ohio 45365 

*See poin t  sys  tern descr ip t ion .  



Code No. 25 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Multiparameter Cel l  Analysis 

.VENDOR BioIPhysics Systems, Inc. 

Mahopac, New York 10541 

' INSTRUMENT Cytograf 

WJDEL OR CATALOG NO, 6 300A 

Points* Factor  Spec i f ica t ions  

10.1 Cost $9,470 
8 .1  Power required 115V, 50160 He, 600 wat t s  

10.2 volume (m3) 0.120 
11-9 Weight (kg) 40.8 

7.4 
Complexity from we, survey 11.9 R e l i a b i l i t y  

59.6 

USER REFERENCES 

(1) 6 mo Paul  Hurtubise , Ph .D . 6141422-8310 
Department of Pathology 
The Ohio S t a t e  University,  Craves Hal l  
Columbus, Ohio 43210 

(2) 2 y r  Fedor Medzdhradbky , Ph.D. 3131764-1114 
University of MicLigan Medical School 
Department of Biological  Chemistry 
Medical Science Building I 
Ann Arbor, Michigan 48104 

Stephen L. Kimzey 7131'483-4086 
NASA Johnson Space Center 
Code DB7 
Houston, Texas 77058 

*See poin t  sys tern d s s c r i p t i o t ~  . 



D-29 Code No. 26 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Multiparameter Cel l  Analysis 

,yENDOR BioIPhysics Systems, Inc. 

Mahopac, New York 10541 

' INSTRUMENT Cytof luorograf 

WDEL OR CATALOG NO, 6300Al4802A 

Points* Factor Spec i f ica t ions  

8 - 0  Cost $24,170 
5.8 Power required 115V, 50160 Hz, 2325 wat ts  
8 - 6  volume (m3) 0.240 
9 - 5  Weight (kg) 100.8 
7.4 

Of from user survey 11.9 R e l i a b i l i t y  
51.2 

USER REFERENCES 

Paul Hurtubise,  Ph.D. 6141422-8310 
The Ohio S t a t e  University 
Department of Pathology, Graves Hal l  
College of Medicine 
Columbus, Ohio 43210 

Fedor Medzihradsky , Ph .D. 3131764-1114 
l lnivers i ty  of Michigan Medical School 
Cepartment of Biological  Chemistry 
Medical Science Building I 
Ann Arbor, Michigan 48104 

Stephen L. Kimzey 713/483-4086 
NASA Johnson Space Center 
Code DB7 
Houston, Texas 77058 

*See point  system descr ip t ion .  



Code No. 27 

COMI-ERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Multiparameter Cel l  Analysis 

.WNPoR Bio/Physics Systems, Inc.  

Mahopac, New York 10541 

' INSTRUMENT Cytof luorograf 

MODEL OR CATALOG NO, 
System 5 

Points* Factor  Spec i f ica t ions  

7.6 Cost $29,825 
5 .4  Power required 115V, 50/60 Hz, 2975 wat t s  
7.9 volume (m3) 0.330 
8.7 - .  Weight (kg) 138.3 
7.4 

Complexity from user  survey 11.9 R e l i a b i l i t y  
48.9 

USER REFERENCES 

Paul Hurtubise, Ph.D. 614/422-8310 
The Ohio S t a t e  University 
Department of Pathology, Graves Ha l l  
College of Medicine 
Columbus, Ohio 43210 

Fedor Medzihradsky, Ph.D. 3131 764-1114 
University of Michigan Medical School 
Department of Biological  Chemistry 
Medical Science Building I 
Ann Arbor, Michigan 48104 

Stephen L. Kimzey 71314P3-4086 
NASA Johnson Space Center 
Code DB7 
Houston, Texas 77058 

*See poin t  sys tern descr ip t ion .  



COWRCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Refractlon/Light Scat te r ing  

.VENDOR Recognition Sys tem,  Inc. 

Van Nws.  Cal i forn ia  

' INSTRUMENT Recording Optical  Spectrum Analyzer 

MODEL OR CATUG NO, ROSA- 3 

Points* Factor  Spec i f ica t ions  

6.7 Cost $49,500 
11.0 Power required 115V, 60 Hz, 175 wat t s  
4 - 9  volume (m3) 2.240 
7.9 Weight (kg) 204.1 

14.9 Coarplrxity of use t,, user surrey 
15.1, R e l i a b i l i t y  
60.5 

USER REFERENCES 

R. Schindler 2061773-1611 
Boeing Aerospace Co. 
P. 0 .  Box 3999 . 
S e a t t l e ,  Washington 98124 

R. D. Leighty 7031664-6176 
Research I n s t i t u t e  
Engineer Topographic Laboratories 
Fort  Belvoir,  Vi rs in ia  22060 

7 .  P. Kruger 2131746-2992 
University of Southern Cal i forn ia  
Powell Hal l  of Engineering, Room 324 
Los Angeles, Cal i forn ia  90274 

*See point sys tern descr ip t ion ,  



Code! No. 29 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Pattern Recognition C~mpu+~-  (Image Analyzer) -- 
.VENDOR Photo Metrics, Inc. 

Lexington, Massachusetts 02173 

' INSTRUMENT - Raster Scanner - 
WuEL OR CATALOG NG. 

EDP 

Points* Factor Specifications 

8.9 Cost $16,000 
7.9 Power required I l O V ,  60 Hz, 660 watts 

11.4 volume (m3) 0.078 
l 2 m 2  Weight (kg) 36.3 
10.0 

Complexity of use]  fro, ,,, s,,ey 10.0 Rel iab i l i ty  
60.4 

USER REFERENCES 

(1) No users available 

*See poin t  sys tern description. 



Code No. 30 

COMMERCIAL HARDWlrWPn% DESCRIPTION 

ASSAY PRINCIPLE Ultrasonics (Sound Velocity) 

y E m R  NUSonics, Inc. - 
Paramus. New Jersey 07652 

' INSTRUMENT Laboratory Monitor - 
MDEL OR CATALOG NO, 6105 

-. 
Points* Factor Specifications 

15.0 Coat $1,995 
20.3 Power requir d 90-125\', 50160 Hz, 15 watts 
20*7 ~o~tloe (m3) 0. GO'] 
21.3 weight i t g j  3.9 
18.9 

co~lexity of fm qser survey 
17m0 Reliability 

1 m  

USER REFERENCES 

(1) 1 yr l b y  Cox 5131642-7015 
Westreco Co. 
Merysville, Ohio 43040 

Wayne Ralph 5131562-6158 
Proctor and Gamble Co. 
Winton 1:ill Technical Center, SE 2N16 
Cincinnati, Ohic 45224 

N. H. Rigby 6141587-0610 
Owens C~rnir,g Fiberglas 
Technical Center 
Granville, Ohio 43023 

*See point sys tern description. 



Code No. 31 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~adiome t r i c / ~ i s c .  (Spark ~maging) 

.VENDOR - Panax Nucleonics 

Montreal, Quebec, Canada 

' INSTRUMENT Beta-Graph - 
MODEL OR CATALOG NO, 

Points* Factor Specifications 

11.4 Cost $5,832 
10.6 Power required 115V, 60 Hz, 200 watts 
9 .1  Volume (m3) 0.187 

12.2 Weight (kg) 37 ( es t . )  
10.0 ~ o m p l a x i t ~ o f  use 
13.0 Reliability 1 from user survey 

USER REFERENCES 

User l i s t  not available 

*See point sys tern description. 



Code No. 32 

COWRCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Radiometric/Gamma Ray Spectrometry 

,yENDoR Panas Nucleonics 

Montreal, Quebec, Canada 

'INSTRUMENT Rsdiochromatogram Scanner System 

HODEL OR CATALOG NO. E. O111/RRD-1 

Points* Factor Specifications 

10.9 Cost $7,111 
10.6 Power required 220 V, 50 Hz, 200 watts 
9- 7 Volume (m3) 0.149 
11.7 Weight (kg) 43.1 
10.0 

Co~lexity of from user survey 10.0 Reliability 
62.9 

USER REFERENCES 

User list not available 

*See point sys tern description. 



D-36 Code No. 3 3 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~adiometric/Scintillation Photometry 

VgNDOR Baird-At omic 

Bedford, Massachusetts 01730 

' INSTRUMENT Scaler 

MODEL OR CATALOG NO. 955-150 

Points* Factcr Specifications 

18.8 Cost $795 
15.0 Power required llOV, 60 Hz, 50 watts 
i8.1 Voltme (m3) 0.012 
21.8 Weight (kg) 3.6 
19.9 C o ~ l e x i t ~  of US' 5 from survey 
17.9 Reliability 

USER REFERENCES 

The Bendix Corporation 6071563-9511 
Electrical Components Division 
Sherman Avenue . 
Sidney, New York 13838 

Charles W. Owens 6031862-1550 
University of New Hampshire 
Department of Chemistry 
Durham, New Hampshire 03824 

Mr. San Antonio College 2131 ED9-7331, Ext. 212 
1100 North Grand Avenue 
Walnut, California 91 789 

*See point sys tern description. 



Code No. 34 

COMfERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~adiometric/~cintillation Photometry 

.veNDoR Packard Instrument Co., Inc. 

Downers Grove, Illinois 60515 

' INSTRUMENT Tri-Carb Spectrometer 

MODEL OR CATALOG NO, 2211 

Points* Factor Specifications 

9.5 Cost $12,100 
8.2 Pwer required 1151230 V, 50160 Hz, 575 watts 
6-4 Volume (m3) 0.763 
6.9 Weight (kg) 351.5 
20.1 
18.9 Reliabili tv 

USER REFERENCES 

Dr. Davie Imes 6141422-9475 
The Ohio State University 
Department of Biochemistry 
Coluntbus, Ohio 43201 

MargareL A. Sheridan 6141299-3151, Ext. 2818 
Battelle's Columbus Laboratortes 
505 King Avenue 
Columbus, Ohio 43201 

Dr. George W. Wharton 6141422-7180 
The Ohio State University 
Department of Entomology 
Columbus, Ohio 43201 

*See point sys tern description. 



D-38 Code No. 35 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Electrometric/F~tentiometry 

yENDoR Princeton Applied Research Corp. 
* 

Princeton, New Jersey 08540 
* 

' INSTRUMENT Polarographic Analyzer 

MODEL OR CATALOG NO. 174A 

Points* Factor Specifications 

13.9 Cost $2,695 
13.6 Power required 1151230 V, 50160 Hz, 75 watts 
14.3 Volume (m3) 0.031 
17.7 Weight (kg) 8.2 
13.5 

coailexit~ of use 3 from user survey 
17- 3 Reliability 
90.3 

USER REFERENCES 

(1) 2 yr Jerry Colonel 513/684-3510 
U. S. Food and Drug Administration 
1141 Central Park Way 
Cincinnati, Ohio 45239 

Dr. Bill Heineman 5131475-5325 
Department of Chemistry 
University of Cincinnati 
Cincinnati, Ohio 45221 

Carter Olson 6141422-6794 
The Ohio State University 
500 West 12th Avenue 
Columbus, Ohio 43210 

*See point system description. 



Code No. 36 

COIMERCIAI, HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet 

,VENDOR - Schoeffel Instrument Corp. 

Westwood, New Jersey 07625 

' INSTRUMENT Spectrodensitometer 

~ D E L  OR CATALOG NO. SD-3000 with SDC 302 

Points* Factor Specifications 

10.4 Cost $8,627 
8.5 Power required 1101220 V, 50160 Hz, 500 watts 
9.1 Volume (m3) 0.186 
10.0 Weight (kg) 80 (est.) 
20 3 C o ~ l e x i t ~  of use 3 from user survey 
22.3 Reliability - 
80.6 

USER REFERENCES 

David S. Love, Ph.D. 2161368-2118 
Case Western Resene University 
School of Medicine 
Department of Anatoay 
Cleveland, Ohio 44106 

Helen K. Berry 5131559-4451 
Children's Hopsital Research Foundation 
Elland and Bethesda Avenues 
Cincinnati, Ohio 45229 

Mark D. Seymour 5131562-9462 
Proctor & Gamble (Miami Valley Labs) 
Box 39175 
Cincinnati, Ohio 45247 

*See point sys tern description. 



C o d e  N o .  3 7 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~adiometric/Scintillatlon Photometry 

.yENDoR The Nucleus, Inc. 

Oak Ridge, Tennessee 37830 

' INSTRUMENT Nuclear Scaler  

MODEL OR CATALOG NO. 500 

Points* 

-- ~~ 

Factor  Spec i f ica t ions  

23.1 Coat $350 
16.4 P w e r  required 105-125 V, 50160 Hz, 35 wat t s  
19 - 5  ~olume (m3) 0.009 
18- 9 Weight (kg) 6.4 - - ~ 

20.2 
from user  survey 17.1 R e l i a b i l i t y  

USER REFERENCES 

Donald G. Hopkins 8151725-6220, Ext. 53  
J o l i e t  West High School 
401 North La rk in  Avenue 
J o l i e t ,  I l l i n o i s  60435 

D r .  James C. Wilkes 2051566-3000, Ext. 241 
Troy S t a t e  University 
Department of Biology 
Troy, Alabama 36081 

Barbara Reed 8131924-1351 
Riverview High School 
4850 Lords Lane 
Sarasota ,  F lor ida  33581 

*See poin t  system descr ip t ion .  



D-41 Code No. 38 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Multipararneter %11 Analysis 

yENDOR Becton Dickinson Elec t ron ics  Laborator ies  - 
Mountain View, Ca l i fo rn i a  - 

' INSTRUMENT Fluorescence Activated C e l l  So r t e r  

WDEL OR CATALOG NO. FACS-1 

Points* Factor  Spec i f i ca t i ons  

6.0 Cost $75,000 
6.0 Power required 1 0 ,  115V and 3 0, 208V; 60 Hz; 2006 wat t s  
3.8 Volume (m3) 6.118 
6.2 Weight (kg) 544.3 

10*0 Coqlex i tY of u s e l  from user  survey 10.0 R e l i a b i l i t y  
42.0 

USER REFERENCES 

Users not  ava i l ab l e  

*See poin t  system descr ip t ion .  



Code No. 39 - 
COMMERCIAL LARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/~~t;ssion/~luorometry 

.WNDQR American Instrument Co . 
S i l v e r  Spring, Maryland 

' INSTRUMENT Aminco-Bowman Spectrophotof luorometer 

MDEL OR CATALOG NO* 
4-8202 

Points* Factor  Spec i f i ca t  ions 

11.3 Cost $6,075 
9 . 7  Power required 115V, 50/60 Hz, 290 wat t s  

10.3 Volume (m3) 0.113 
10-7  weight (kg) 61.2 
26.7 Complexity of use user survey 
21.3 R e l i a b i l i t y  
90.0 

3 

USER REFERENCES 

M r .  Jim Seay 6141422-5326 
The Ohio S t a t e  University Hospi ta l  
Endocrinology Department 
h10 West 10th Avenue 
Columbus, Ohio 43210 

D r .  Elizabeth Gross 6141422-9480 
The Ohio S t a t e  University 
Department of Biochemistry 
484 West 12th Avenue 
Columbus, Ohio 43210 

D r ,  Allen Burkman 6141422-70C5 
The Ohio S t a t e  University 
College of Pharmacy 
500 West 12th Avenue 
Columbus, Ohio 43210 

*See point  system descr ip t ion .  



D-4 3 Code No. 40 

COMMERCIAL HAFDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Emission/Fluorometrv 

VENDOR American Instrument Co. 

S i l v e r  Spring, Maryland - 
'INSTRUMENT Fluoro-Calorimeter 

MODEL OR CATALOG NO. 4-7440 

Points* Factor Spec i f ica t ions  

16.0 Cost $1,545 
7.1 Power required 115V, 50160 Hz, 990 wat t s  

15.1 volume (m3) 0.025 
18.6 Weight (kg) 6.8 

USER REFERENCES 

(1) 2 yr D r .  W. A. Wood 5171355-1605 
Michigan S t a t e  University 
Biochemistry Department 
East Lansing, Michigan 48824 

D r .  Clarence Goodnight 6161383-1674 
Western Michigan University 
Department of Biology 
Kalamazoo, Michigan 49008 

D r .  Sa l  Fusar i  3131567-5300, Ext. 5629 
Park-Davis Laboratories 
Analyt ical  Development 
Det ro i t ,  Michigan 48232 

*See p o i n t  sys  tern descr ip t ion .  



D-44 Code No. 41 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/~bsorption/~isible 

VENDOR Transidyne General Corp. 

Ann Arbor. Michigan 48106 

' INSTRUMENT Scanning Densitometer 

MODEL OR CATALOG NO. TG 2970 

Points* Factor Specifications 

13.5 Cost 
9.6 Power required 
12.4 volume (m3) 

$2,950 
1151220 V, 50160 Hz, 300-250 watts 
0.055 

13.8 Weight (kg) 22.2 - - 
'8.7 Com~lexity of US' 3 from user survey 
16.8 Reliability - 
84.8 

USER REFERENCES 

Skipp S tense1 3131681-1027 
Oakland Diagnostic Lab 
2711 Pontiac Lake Road 
Pontiac, Michigan 48054 

No more users available 

*See point system description. 



D-45 Code No. 4 2 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Visible 

.WNDOR Glenco S c i e n t i f i c  Inc. 

Houston, Texas 77007 
a 

' INSTRUMENT Dual-Channel D i f f e r e n t i a l  Absorbance Monitor - 
PIDDEL OR CATALOG NO. 56-V - 

Points* Factor  Spec i f ica t ions  - 
15.6 Cost $1,695 
20.3 Power required 115V, 50160 Hz, 15 wat t s  
20.1 Volume (m3) 0.008 
20.6 Weight (kg) 4.5 
12.2 

C'W"X~'Y of U s e  3 rlzrn vser sumey 17.1 R e l i a b i l i t y  lm 

USER REFERZNCES 

D r .  J. H. Harrison 9191933-6193 
Dept. of Chemistry 
University of North Carolina 
Chapel H i l l ,  North Carolina 27514 

Donald S. Kirkpatr ick,  Ph .D. 7131790-4638 
Baylor College of Medicine 
Dept. of Ophthalmology 
1200 Moursund 
Houston, Texas 77025 

D r .  koger L. Lundblad 9191966-1564 
University of North Carolina 
Chapel H i l l ,  North Carolina 27514 

*See poin t  system descr ip t ion .  
* 



Code no. 4 3 - 
COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE PaLtern Recognition Computer 

.mmR S p a t i a l  Data Sys t em,  lnz.  - ,-.-. 
Goleta, Ca l i fo rn i a  93017 -- 

\ 

' ~NS~RUMENT Computer Eye 
1 

MODEL OR CATALOG NO. 102- 1-4 

Points* Factor  Spec i f i ca t i ons  

9.2 Cost $13,900 
11.2 Power required 105-130 V, 60 Hz, 165 wat t s  
11.4 volume (e3) 0.078 

13.0 
- COqlexity of from user  survey 15 7 R e l i a b i l i t y  
72.6 

USER REFERENCES 

W. D. McFarland, A s s t .  Prof.  3141882-3078 
University of Missouri - Columbia 
E l e c t r i c a l  Engineering, Room 339 
Columbia, Missouri 65201 

D r .  Thomas H. VonderHaar 303149 1-8566 
Colorado S t a t e  University 
Dept. of Atmospheric Science 
F t .  Col l ins ,  Colorado 80523 

B. K. P. Horn 6171253-6218 
MZT A . I .  Laboratory 
545 Technology Square 
Cambridge, Massachusetts C2139 

*See poin t  system descr ip t ion .  



D-47 Code No. 4 4 

COWRCIAL HARDWARE DESCRIPTIOR 

ASSAY PRINCIPLE Pat te rn  Recognition Computer 

Spa t i a l  Data S, atems, Inc. 

Goleta, Ca l i forn ia  93017 

INSTRUMENT Datncolor Image Analyzer 

MODEL OR CATALOG NO. T704-12A 

Points* Factor  Speci t i c a t i o n s  

9.3 Cost $13,500 
7.9 Power required 117V, 60 Hz, 650 wat ts  
6.4 ~ o l u m e  (m3) 0.757 
8.8 weight ikgj 136.1 

15.9 Compl2xity of ure 
16.9 fro= user  survey - R e l i a b i l i t y  
65.2 

USER REFERENCES 

(1) 1 Y r  D r .  Rex Petersor  402/472-3471 
Remote Sensing Center 
University of Nebraska 
Room 113, Nebraska Hal l  
Lincoln, Nebraska 68508 

David Gaucher 3151330-2353 
Calspan-Rome A i r  Development Center 
Gxi f f i s s  A i r  Force Base 
Rome, New York 

r. W. Gallagher 7161632-7500 
C a l ~ p a n  Corp. 
I?. 0. Box 235 
Buffalo, New York 14221 

*See point system descr ip t ion .  



Code No. 45 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Light Microscopy 

.VENDOR Bausch and Lomb, S c i e n t i f i c  Opt ica l  Products Div. 

Rochester. New York 14602 

' f NSTRUMENT Balplan Biological  Microscope 

MODEL OR CATALOG NO. BST 3 ZIH 

Points* Factor  Spec i f ica t ions  

16.4 Cost 
30.4 Power required 
14.3 Volume (m3) 

$1,328 
115V, 60 Hz, 3 w a t t s  
0.031 

19.8 
17.9 Cowlexity Of from user  sumey -- R e l i a b i l i t y  

117.4 

USER REFERENCES 

(1) 10 mo Robert Rackley 919/966-1134 
Medical Sciences Teaching Laboratories 
School of Medicfne 
University of North Carolina 
Chapel H i l l ,  North Carolina 27514 

William A. Hawk, M.D. 2161229-2200 
Cleveland C l in i c  
9500 Euclid Avenue 
Cleveland, Ohio 44040 

( 3) 1-1/2 y r  Lee A. Drake 315/ 394-3500 
Community College of Faiger  Lake 
120 N. Main S t r e e t  
Canandaiqua, New York 14424 

*See point  system descr ip t ion .  



Code No. 46 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~lectrometric/Conductimetry 

.yENDoR Leeds and Northrup Co. 

North Wales, Pennsylvania 19454 

' INSTRUMENT Electrolytic Conductivity Monitor 

MODEL OR CATALOG NO. 7075-1-152 

Points* Factor Specifications 

26.0 Cost 
22.5 Power required 
22.6 volume (m3) 
24.4 Weight (kg) 

$220 
120V + lo%, 50160 Hz, 10 watts 
0.005- 
2.3 

17.9 C o ~ l e x i t ~  of US' 3 from user 
16.1 Reliability 
1:s 

Dt;ER REFERENCES 

(1) 8 w, Stone Container Corp. 6141622-6649 
North Fourth Street 
Coshocton, Ohio. 

Mr. Gordon Pridday 4191228-3232, Ext. 2394 
V i s  t ron Corp . 
Box 628 
Lima, Ohio 45801 

Hach Chemical Company 5151232-2533 
P. 0. Box 907 
Ames, Iowa 50010 

*See point system description. 



D-50 Code No. 4 7 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Pattern Recognition Computer 

.WMKlR Geometric Data Corp. 

.Wayne, Pennsylvania 19087 

' INSTRUMENT - Hematrak Automated Di f fe ren t i a l  Counter 

MODEL OR CATALOG NO. - 

A oints* Factor Specif icat ions 

5.6 Cost $99,500 
5.8 Parer  required 115V, 60 Hz + lo%, 2300 watts 
5.2 '~olurne (m3) 1.790 
7.7 Welsht (kg) 226.8 - - 

15.6 complex it^ of use) from suney 
14.2 - Rel iab i l i ty  
54.1 

USER REFERENCES 

(1) 3 mo Clinica l  Laboratory 2021981-6005 
Malcolm Grow USAF Medical Center 
Andrews A i r  Force Base, Maryland 

(2) 4 mo M. Homayouni, M.D. 2021574-6554 
Greater S.E. Community Hospital 
1310 Southern Avenue, S.E. 
Washington, D. C. 20032 

(3) 18 mo John J. Egan, M.D. 3021652-4111 
Wilmington Medical Center 
Sui te  5, Professional Bldg. 
Wilmington, Delaware 19803 

*See point  system description. 



Code No. 4 8 

COWRCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Electrometric/Conductimetry 

,yENDOR Balsbaugh Laboratories,  Inc. 

South Hingham, Massachusetts 02043 

'INSTRUMENT Electrodeless  Conductivity Monitor 

MODEL OR CATALOG KO. 1200 ~ i t h  1200-AT-C c e l l  

Points* Factor Spec i f ica t ions  

Cost 
Power required 
Volume (m3) 

$525 
105-125 V, 50/60 Hz, 10 watts 
0.009 

15.9 ~or&exity of use 
17.1 R e l i a b i l i t y  1 from user  survey 

1x5 

USER REFEFXNCES 

(1) 2 m, M r .  Oscar Koski 5091942-3581 
Ba t t e l l e ,  P a c i f i c  Northwest Laboratories 
Building 305-B,*300 Area 
Richland, Washington 99352 

M r .  Louis H. Johnson 904/968-6311, Ext. 7479 
Monsanto Text i les  Co. 
P. 0. Box 12830 
Pensacola, F lor ida  32575 

D. W. McCoombs , Plant  Engineer 617/668-0175 
Kendall Co. 
Northern Mfg. Div. 
West S t r e e t  
Walpole, Massachusetts 02081 

*See point  sya tern descript ion.  



D-52 Code No. 4% 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/~ef raction1Polarimetry 

.WNDOR Epic, Inc. 

New York, New York 10038 

* INSTBUMENT Polarimeter 

MODEL OR CATALOG NO. P70-4 

Points* Factor Specifications 

9.7 Cost $11,325 
12.6 Power required 110V, 50160 Hz, 100 watts 
13.9 volume (m3) 0.035 
10.7 Weight (kg) 60.8 
10.0 Complexity of use 
10.0 ) from user survey - Reliability 
66.9 

USER REFERENCES 

(1) Only foreign users; names not readily available 

*See point sys tem description. 



Code No. SO 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/~ef raction/Polarimetry 

.yENDOR Rudolph Research 

Fairfield, New Jersey 07006 

' INSTRUMENT Automatic Polarimeter - 
MODEL OR CATALOG NO. -4ut0p01 'I1 

Points* Factor Specifications 

10.6 Cost 
10.0 Power required 
13.4 Volume (m3) 

$8,000 
110V, 60 112, 250 watts 
0.040 

13.7 Weight (kg) 22.7 - - 
10.0 Complexity of use from ,,= ,umey 
10.0 Reliability 
67.7 

USER REFERENCES 

New instrument; users not yet available 

*See point system description. 



Code No. 51  - 
COMMERCXAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE PhotometricfRef ra t t ionfPolar imet ry  

.JTEMKlR Rudolph Instruments Engineering Co.,  Inc.  

Littlc r a l l s ,  New Jersey 07424 - - - 

'INSTRUMENT Automatic Polarimeter 

HODEL OR CATALOG NO. AP7 A41 

Points* Factor  Spec i f i ca t i ons  

10.0 Cost $9,950 
8.5 Power required 115V, 60 Hz, 500 wa t t s  
8.2 volume (m3) 0.283 

15.6 Weight (kg) 13.6 
10.0 
10.0 - Cowlexity of use 1 from user  survey 

R e l i a b i l i t y  
62.3 

USER REFERENCES 

(1) Users l i s t  not  ava i l ab l e  

*See pcint system descr ip t ion .  



Code No. 52 

ASSAY PRINCIPLE ~adIometric/Gawua Spectrometry 

.VeNDOR - Panax Nucleonlcs 

Montreal, Quebec, Canada 

' INSTRUMENT Automatic Gamma Spectrometer 

MIDEL OR CATALOG NO. C'0523/GTA-15 

Points* Factor Specif icat ions 

8.8 Cost $16,925 
10.6 Power required 220V, 50 Hz, 200 wattn 
6.5 volume (m3) 0.713 
6 .7  Weight (kg) 409.0 

10.0 
10.0 - CO~lexity of from user survey Rel iabi l i ty  
52.6 

USER REFERENCES 

(1) Only foreign users avai lable  

*See point system description. 



ASSAY PRINCIPLE 

Code No. 5 3 
D-56 - 

COMMERCIAL HARDWARE DESCRIPTION 

Light Microscopy 

 VENDOR Olympus Corp. of America 

New Hvde Park. New York 11040 

' 1 NSTRUMENT Research Mictoscope 

MODEL OR CATALOG NO. BHA-100 with PM-10-35A 

and Polaroid camera attachments 

Points* Factor Speci f ica t ions  

12.1 Cost $4,691 
15.0 Power required 120V, 60 Hz, 50-30 w a t t s  
12.0 volume (m3) 0.063 
17* Weight (kg) 9.1 
15 8 Complexity of use 1 from user survey - 16-1 R e l i a b i l i t y  
88.3 

USER REFERENCES 

(1) 1 mo Christ ine H. Block 2151643-0200, Exr. 668 
Rohm & Haas Co. 
Nor ristam & McKean -Roads 
Spring House, Pennsylvania 19477 

(2) 1 mo Dr.  R. Quinton-Cox 5031225-8966 
University of Oregon Health Sciences Center 
611 S . W. Campus Drive 
Portland, Oregon 97201 

(3) 5 Yr Rudolf Schmid 4151642-3506 
Dept, of Botany 
University of Cal i forn ia  
Berkeley, Cel i forn ia  94720 

*See point  sya cem descript ion.  



Code No. 54 

COkWRCIAL HARDWARE DESCRIPTION 

,WNDOR Zena Corp. 

South Plainfield,  New Jersey 07080 

' INSTRUMENT Colorimeter - 
HODEL OR CATALOG NO. UK-VIII 

Points* Factor Specifications 

20.8 Cost 
20.3 Power required 
18.5 Volume (m3) 

$5 39 
220V, 50160 dz, i 5  watts 
0.011 

18.8 weight ikgj 6.5 
10.0 
- 

Coqlexity use 1 from user survey 
10.0 Rel iabi l i ty  
98.4 

USER REFERENCES 

No users available 

*See point system description. 



D-58 
Code No. 5 5 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE PhotometriclAbsorption/~ieible 

Helena Labbratories - 
Beaumont, Texas 

' INSTRUMENT Quick-Scan Densitometer 

MODEL OR CATALOG NO. lo20 

Points* Factor Spec i f ica t ions  - 
14.0 Co8t $2,600 
11.0 Power required P15V, 50160 Hz, 175 watts 
12.5 Volume (m3) 0.053 
15.0 Weight (kg) 15.9 
17.6 C o ~ l e x i t ~  of Use 3 fro, ,er suntei 15.9 - R e l i a b i l i t y  
86.0 

USER REFERENCES 

(1) 18 mo Mrs. M. A. Renn 2121270-4621 
Pathology - Sp. Chemistry 
The Brooklyn Hospi tal  
Brooklyn Cumberland Medical Center 
121 Dekalb Avenue 
Brooklyn, New York 11201 

(2) 1-112 y r  D r .  Lawrence L. Frost ,  M.D. 2131 747-4261 
C l in i ca l  Pathology Medical Group 
1200 West Olympic Blvd. 
Los Angeles , Cal i forn ia  90015 

(3) 2 Y r  Joe H. Za l e t e l  5151284-3371 
Pathology-Clinical Chemistry 
Mercy Hospi tal  
6th - University 
Dee Mines ,  Iowa 50314 

*See poin t  system deecript ion.  



D-59 CodeNo. 56 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Vlslble 

VENDOR Gamma Scientific Inc. 

- San Diego, California 92123 - 
' INSTRUMENT Automatic Scanning Microdensitometer 

~ D E L  OR CATALOG NO. 2900 HR with 700-10-90-13 
and IUU - 10 - :, conversions 

Points* Factor Specifications 

10.1 Cost $9,570 
22.5 Power required 95-125/190-250 V, 50160 Hz, 10 watts 
9.0 volume (m3) 0.197 
10.1 Weight (kg) 77.0 
11.2 
16.8 - Coqlexity use 1 from user survey 

Reliability 
79.7 

USER REFERENCES 

(1) 1-112 yr Larry C. Anderson 3121647-8800, Ext. 2283 
A. R. Dick Co. 
57UO W. Touhy Avenue 
Chicago, Illinois 60648 

(2) 2 F VernonW. Dryden, Ph.D. 2131351-1279 
Xerox Corp. 
P. 0. Box 5786 
125 h. Vinedo Street 
Pasadena, Cal ifornia 91107 

(3) 5 Yr P. M. Kay 2161587-6660 
A-M Corporation 
Mult igraphics Jevelopment Center 
19701 South Mjles Road 
Warrensville Heigkts, Ohio 44128 

*See point sya tern description. 



Code No. J I 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photome tric/A-pt 

,yENDOR International L i & t .  Inc. 

Newburyport, Massachusetts 01950 

' INSTRUMENT W Radiation Monitor 

MODEL OR CATALOG NO. IL-530 

Pointr* Factor Specifications 

18.6 Coat $834 
15.0 Pwer required 115/230 V ,  50/60 tiz, 50 watte (eat.)  
20.7 volume (m3) 0.007 
23.2 Weight (kg) 2.8 
10-0 Co~ .~ , l ex i ty  of use 3 .,,, 
10.0 Reliability 
97.5 

USER REFERENCES 

(1) Users not available 

*See point syatem descriptio3. 



D-61 
CodeNo. 5e 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photom~tric/Absorption/Ultraviolet - 
Sctioef f e l  Instrument Corp . - 
Westwood, N e w  Jersey 07675 

' INSTRUMENT Spectroflow Monitor 

MODEL OR CATALOG NO. _SF-770 

Pointe* Pactor  Specif i c a t l c ~  - 
12.6 Co8 t $3,960 
15.0 Power required 115 +10V, 6G Hz, 50 wat t s  
16.2 volume (m3) 0.019 
15.2 Weight (kg) 15.0 
17.6 
13.9 Complexity of Use 3 fro, user survey - R e l i a b i l i t y  
90.5 

USER REFERENCES 

(1) 6 mo John Bodenmiller 3501948-9111 
Xerrell-National Laborator ies  
110 East Amity Road . 
Yincinnati ,  Ohio 45215 

1 mo Caesar P i l l a  215lMU-8-4000 Ext. 554 
Wyeth Laboratories 
Box 8299 
Phi ladelphia ,  Pennsylvania 19101 

1 Y r  D r .  N. Neus 3171261-4073 
L i l l y  Research 
I n d i a n ~ p o l i s ,  Indiana 46206 

*See point  system descr ip t ion .  



ASSAY 

Code No. 59 

COMMERCIAL HARDWARE DESCRIPTION 

PRINCIPLE Photometric/Absorption/Ultraviolet 

VENDOR Transamerican Instrument Corp . 
Emerson, New Jersey 07630 

'INSTRUMENT Spektrowm W Spectrophotometer 

MODEL OR CATALOG NO. ?04 

Points* Factor Specifications 

i3.5 Cost $2,995 
13.6 Power required 200 V + 10-15%, 50 Hz, 75 watts 
10.8 Volume (m3) 0.095 
10.9 Weight (kg) 58.0 
10.0 complex it^ of Use] fro, ,,, su,ey 
10.0 Reliability 
68.8 

USER REFERENCES 

Only foreign users available 

*See point system description. 



Code No. 60 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/~efraction/Light Scatter 

.WNWR Chrono-Log Corp. 

Havertown , Pennsylvania 19083 

' INSTRUMENT Pl&Annrenometpr 

MODEL OR CATALOG NO. wo 

Points* Factor Specifications 

18.1 Cost $9 35 
14.4 Power required 115V, 60 Hz - + 5%, 60 watts 
19.5 volume (m3) 0.009 
20.6 Weight (kg) 4.5 
15.5 ~oelexity of use 
21.6 Reliability 3 from user survey 
1 m  

USER REFERENCES 

(1) 5 yr Linda Bowman 2161398-6003, Ext. 4 1 i ~  
Cleveland Metropolitan General Hospital 
3398 Scranton Road . 
Cleveland, Ohio 44109 

(2) 1-112 yr Sue Granger 5131559-4268 
Cincinnati Children's Hospital Research Foundation 
alland & Bethesda Avenue 
Cincinnati, Ohio 45229 

(3) 10 yr Ms. Mariame Miller 5131872-4234 
Cincinnati General Hospital 
Dept. of Internal Medicine, 
Hematology, Coagulation Lab 

231 Bethesda Avenue 
Cincinnpti, Ohio 45267 

*See point sys tern description. 



Code No. 6 1 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Refraction/Refr~ctomctry 

.ySNDOR Waters Assocfates , Inc. 
Milford, Massachusetts 01757 

' INSTRUMENT Differential Refractometer 

MODEL OR CATALOG NO. R40 4 

- -- - 

Points* Factor Specifications 

14.3 Cost $2,400 
28.3 Parer required 115 V, 50160 Hz, 4 watts 
20.7 ~olune (m3) 0.007 
17.7 Weight (kg) 8.2 
17.1 
15.8 

Co~lexity of from user survey - Reliability 
113.9 

USER REFERENCES 

(1) 6 mo Dr. L. M. Beacham 9191549-8371 
Burroughs Welcome 
3030 Cornwallis Road 
Durham, North Carolina 27709 

(2) 2 Yr B. P. Korzun 2011277-5292 
Ciba-&igy Corp. 
Morris Avenue 
Sunrmit, New Jersey 07901 

(3) 3 yr Joanna Fwler 5161 345-4365 
Brookhaven National Laboratory 
Chemistry Dept. 
Upton, New York 11973 

*See point sys tern description. 



D-65 Code No. 6 2 

COMXERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Refraciion/Refracto~tr~ - 
.VENDOR Bausch and Lo&, Analyt ical  Systems Div. 

Rochester, New York 14625 

' INSTwMENT Prec is ion  Hand Refractometer 

MODEL OR CATALOG NO. 33-45-32 

Points* Factor  Spec i f ica t ions  

21.2 Cost $495 
50.0 Power required None 
40.1 volume (m3) 0.0005 
40.5 Weight (kg) 0.3 
22.6 Complexity of use 3 from use r  survey 

R e l i a b i l i t y  
194.5 

USER REFERENCES 

(1) 3 Y r  Alfred Clancy 617/531-1700, Ext . 60 
Eastman Gelat ine Corp. 
227 Washington S t r e e t  
Peabody, Massachusetts 01960 

B i l l  Houston 513/868-51; 
Champion Paper Division of Cham1 In t e rna t iona l  Corp . 
Hamilton M i l l  
601 North B S t r e e t  
Hamilton, Ohio 45U13 

(3)  1.0 y r  Paul Rebit 615/266-7191 
Brach Candy Company 
P. 0. Box 1407 
1113 Chestnut S t r e e t  
Chattanooga, Tenrlessee 37401 

*See point  system descr ip t ion .  



Code No. 63 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Ref raction/Nephelometry 

.VENDOR Hach Chemical Co. 

Ames. Iowa 

' INSTRUMENT Analy t ica l  Nephelometer 

MODEL OR CATALOG NO. 2424-20 

Points* Factor  Spec i f i ca t i ons  

19.6 Cost $675 
6 Power required 95-135 V, 50160 Hz, 35 w a t t s  
17- 1 volume (m3) 0.015 
18-0 Weight (kg) 7.7 
10.0 
10.0 - Co~lexi ty  of use 1 from user survey R e l i a b i l i t y  

USER REFERENCES 

No use r  list ava i l ab l e  

*See poin t  system descr ip t ion .  



Code No. 64 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~ h o t o m e t r i c / ~ e f  raction/Light Scatter 

,yENDOR Hach Chemical Co. 

h s ,  Iowa 50010 

' INSTRUMENT Laboratory Turbidimeter 

MODEL OR CATALOG NO. 2100-10 

Pointe* Factor Specif icat ions 

20.6 Cost 
16.4 Power required 
17.1 volume (m3) 

$550 
95-135 V, 50160 Hz, 35 watts 
0.015 

18.0 Weight (kg) - - 
10.0 Com~lexity of use ) f user survey 
10.0 - Rel iabi l i ty  
92.1 

USFX REFERENCES 

No user list available 

*See point system description. 



Code No. 65 

COWRCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~ h o t o m e t r i c / ~ b s o r p  t i o n l u l  t r a v i o l e t  

VENDOR . Beckman InstrumentsInc., S c i e n t i f i c  Instrument Div. 

I rv ine .  Cal i forn ia  92664 

' INSTRUMENT ACTA M - V I I  W-VIS-NIR Spectrophotorneter 

MODEL OR CATALOG NO. 133700 

Posnts* Factor  Spec i f ica t ions  

7.7 Cost 
9.4 Power required 
7.0 Volume (m3) 
9 - 2  We , ,c  (kn) 

$27,800 
l l O V ,  60 Hz, 330 wat t s  
0.537 
113.0 

- -- 
11.5 

C o ~ l e x i t y  from user  survey 13.9 R e l i a b i l i t y  
58.7 

USER REFERENCES 

(1) 3 mo D r .  V. A. Z e i t l e r  7131236-3180 
D m  Chemical USA 
B-1219 Bldg. , Texas Division 
Freeport ,  Texas 77566 

D. M. Fenstermacher 5051264-8739 
Sandia Laboratories 2441 
AEC I ERDA 
P. 0. Box 5800, KAFB eas t .  
Albuquerque, New Mexico 87115 

Ltc. Louis Hagler 4141561-4147 
Letterman Army I n s t i t u t e  of Research 
Department of Medicine 
Pres id io  of San Francisco 
San Francisco, Cal i forn ia  94129 

*See poin t  system descr ip t ion .  



D-69 Code No. 66 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Pa t t e rn  Recognition Computer (Inrage Analyzer) 

,yENDoR Bausch and Lomb, Analyt ical  Systems Division 

Rochester, W c i i  Tork 14625 

' INSTRUMENT Owicon Feature Count System 

MODEL OR CATALOG NO. 37'50-52-01 

Points* Factor  Spec i f ica t ions  

8.3 Cost 
12.4 Power required 

8.2 Volume (m3) 
12.0 Weight (kg) 

$20,790 
95-130 V, 50160 Hz, 110 wat t s  
0.290 
39.5 

14.8 Complexity of use 
14.7 1 from uSei survey - R e l i a b i l i ~ y  
70.4 

USER REFERENCES 

(1) 3 Yr Dean Russe l l  2051453-2047 
NASA 
ES32, Marshall Space F l igh t  Lenter 
Euntsv i l le  , Alabama 35812 

(2) 2 Y r  Gary Kobertson 3131956-3597 
Shrysler  Corporation 
P. 0. Box 1118 
De t ro i t ,  Michigan 48231 

D. F. Lentz 5131425-2048 
Armco S t e e l  
703 Cur t i s  S t r e e t  
Middletown, Ohio 45042 

*See poin t  system descr ip t ion .  



Code No. 67 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric (photon counting) 

Ortec, Inc. 

Oak Ridge, Tennessee 37830 

' INSTRUMENT Scanning Densitometer 

MIDEL OR CATALOG NO. 4310-115 

Points* Factor Specifications 

11.1 Cost $6,580 
9.3 Power required 7151230 V, 50160 Hz, 345 watts 
8.5 volume (m3) 0.249 
11.9 Weight (kg) 40.8 
18* 

C o ~ l e x i t ~  of use 3 from user survey 15.4 - Reliability 
75.1 

USER REFERENCES 

Dr. Stephen J. Mayor 4191385-7461, Ext. 726 
Medical College of Ohio at Toledo 
P. 0. Box 6190 . 
Toledo, Ohio 43614 

Rakesh Goorha 9011525-8381, Ext . 265 
St. Jude Children's Research Hospital 
P. 0. Box 318 
Memphis, Tennessee 38101 

W. R. Finnerty, Ph.D. 4041542-8902 
University of Georgia 
Department of Microbiology 
Athens, Georgia 30602 

*See point system description. 



COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/Absorp t ion /Vis ib le  

,WNDOR Camag, Inc. 

New Berl in ,  Wisconsin 53151 

' INSTRUMENT - Electrophoresis  Scanner 

MODEL OR CATALOG NO. 80101 

Points* Factor  Specif i c s t i o n s  

11.4 Cost $6,000 
17.1 Power required 100-120 V, 60 Hz, 30 wat t s  
12.1 volume (m3) 3.060 
14.4 Weight (kg) 19 .O 
16.7 
16.8 - R e l i a b i l i t y  
88.5 

US= REFERENCES 

Prof.  D r .  G. P iekarsk i  
University of Bonn 
I n s t i t u t e  of Medical Parasi tology 
D-53 Bonn-Venusberg 
Fed. Republic of Germany 

Department of C l i n i c a l  Chemistry 
Kantonsspital  Aarau 
Aarau, Switzerland 5001 

I n s t i t u t  D r .  V i o l l i e r  
Spalenring 147, Postfach 
4002 Base1 
Schweiz 

*See po in t  system d e ~ c r i p t i o n .  



D-72 
CodeNo. 69 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Microcalorimetry - 
,yEMKlR Perkin-Elmer Corp. 

Nowalk, Connecticut 06856 - 
' INSTRUMENT DSC-2 Differential Scanning Calorimeter 

MODEL OR CATALOG NO. 319-0001 

Points* Factor Specifications 

9.2 C48 t $13,560 
10.3 Parer required 115V, 60 Hz, 230 watts 
8.0 Volume (m3) 0.315 

10.5 
14.6 - Co~lexity Of from user survey Reliability 
62.6 

USER REFERENCES 

Allen R. Tice 60 31 6 4 3- 3200 
USA CRREL 
Box 282 
Hanover, New Hampshire 03755 

Harvey E. Bair 2011582-2381 
Bell Labs 
Murray Hill, New Jersey 07974 

Anthony Wereta, Jr. (Capt.) 5131255-4665 
Air Force Materials Laboratory 
AFMLIMFJP 
Wright-Patterson AFB, Ohio 45433 

*See point sys tem description. 



Code No. 70 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~ h o t o m e t r i c / ~ e f  r a c t i o n l ~ e f  ractometry - 
VENDOR Rudolph Research 

Fa i r f  i e l d ,  New Jersey 

'INSTRUMENT Routine Ellipoolueter 

MODEL OR CATALOG NO. RR 100 

PoinLs* Factor  Spec i f ica t ions  

11.4 Cost 
12.6 Power required 
10.9 volume (m3) 
14.5 Weight (kg) 

$5,978 
115 V, 50160 Hz, 100 wat t s  
0.091 
18.1 

20.0 
15.1 - Co~lexi ty  f ,, we,  .u,,y 

R e l i a b i l i t y  
84.5 

USER REFERENCES 

Dale H. Wyker 2151439-5621 
Western E l e c t r i c  Co., Inc. 
555 Union Blvd. 
Allentown, Pennsylvania 1810 3 

C .  T. Naber 6121853-3433 
Control Data Corporation 
P. 0. Box 1249 
Minneapolis, Minnesota 55440 

Gene 'ohnson 
Tau Labs 
P. 904, Page I n d u s t r i a l  Park 
Poughkeepsie, Yew York 12603 

*See poin t  system descr ip t ion .  



Code No. I I 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE 
~ h o t o m e t r i c i ~ e f  r a c i i d ~ e f  ractomctry 

,wmR Laboratory Data Control 

Xiviesa Beach, F lor ida  33404 

' INSTRUMENT 
Refrect -Nonitor 

1107 
HODEL OR CATALOG RO. 

-- - 
Pointr* Factor  Spec i f ica t ions  

14.3 Coss $2,359 
19* Power required 105-125 V ,  60 Hz, 17 watto 
*O*  I ~ o l ~ m e  (m3) 0.008 
-- l8 * , Weight (kg) 6.4 
22.4 

Complexity of w e ]  from 
R e l i a b i l i t y  

1 m  

USER REFERENCES 

P. W. Almquist 5121926-2800 
Tracor Instruments 
6500 Tracor Lane 
Austin, Texas 78721 

Reed C. Williams 3021453-2711 
DuPon t 
Instrument Products,  Glasgaw 
Wilmington, Delaware 19898 

*See poin t  system descr ip t ion .  



D- 75 Code No. 72 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hoto~tric/Refractlon/Forward Light S c a t t e r  

i ZNDOR C. N. Wood Mfg. Co. - 
Newtown, Pennsylvania 18940 - - 

'INSTRUMENT Duophorometer 

MODEL OR CATALOG NO. 5200 with DMR 300 C BCD o.  f i ~ t  

Pointr* Factor  Speclf i c a t i o n s  -- 
11.8 Cost 
11.4 Pwer required 
10.5 volume (m3) 
11.8 Weight (kg) 

$5,245 
115V, 60 Hz, 150 wa t t s  
0.107 
42.2 

l6 C o ~ l e x i t ~  of use from user survey 
16 1 R e l i a b i l i t y  
77.8 

USER REFERENCES 

M. Tomozawa 5181270-6451 
Rensselaer Polytechnic I n s t i t u t e  
Mater ia ls  En,ineerS7g Dept. 
Troy, New York S ' l $ L  

*See poin t  sys  tern descr ip t ion .  

Jerome Lichtenstein 2011469-1222, Ext. 299 
Pharmacia Labs, Inc. 
800 Centennial Avenue 
Piscataway , N e w  Jersey 08854 



Code No. 7 3 
D-76 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/~efraction/~orward Light Scatter 

. V E r n R  Science Spectrum 
- 

Santa Barbara, California 93105 

' INSTRUMENT 
Light Scattering Photometer 

mDL4 OR CATALOG NO. Differential I with Argon Laser 

-- 

Factor Specifications 

9.6 Cost 
10.6 Power required 
10.6 Vol ' ~ 3 )  

$11,700 
113-120 V, 60 Hz, 200 watts 
0.101 

12- 1 Weib . - ,kg) 38.1 
17-5 Complexity of use user survey 
19.1 Reliability I f  
79.5 

USER REFERENCES 

(1) 2-1/2 yr S. E. Trifilette 302/57- .8372 
ICI Unitec! States, Inc. 
Murphy Road &-Concord Pike - CRDL 
Wilmington , Delaware 1989 7 

Derry D. Cook 315/268-6630 
C larkson College 
Potsdam, New York 13676 

*See poi.q'; sys tern description. 



Code No. 74 - 

ASSAY 

COMMERCIAL HARDWARE DESCRIPTION 

PRINCIPLE P a r t i c l e  CountingIElectro-Concluctimetric 

.yEhDOR Xoyco Instruments, Inc. - -  . -. . 
Menlo Park. Cal i forn ia  94025 

'INSTRUMENT C e l l - C r i t  

MODEL OR CATALOG NO. 9 20 

Points* Factor Specif i cn t l ans  
- 

13.8 Cost 
15.0 Power required 
16.9 volume (m3) 

$2,756 
115.'230 V - + lo%, 50160 Hz, 50 wat t s  
G. 016 

17.3 Weight (kg) 9.1 
16.4 complexity of use 
14.8 R e l i a b i l i t y  3 f row -1aer survey 

94.2 

(]j j m 0  Lanny J. Keyston 408129 3-0262, Ext. 491 
Santa Clara Valley Medccal Center 
751 South Bascon Avenue 
San Jose, Cal i forn ia  95128 

Joseph A. Preston, M.D. 3031832-2237 
1635 Marion 
Denver, Colorado 80218 

*See poin t  system descr ip t ion .  



Code No. 7 5 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE - Photometric/Refraction/Foward Light Sca t t e r  

,VENDOR Recognition Systems, Inc. 

Van Nuvs . Cal i fo rn i a  

'INSTRUMENT Diff rac t ion  Pa t t e rn  Sampling Unit 

MODEL OR CATALOG NO. DPSU-1 - 

Points* Factor  Spec L €  i c a t i o n s  

14.2 Cost 
17.9 Power required 
14.8 Volume (m3) 

$2,450 
115V, 40 Hz, 25 wat t s  
0.027 

20.0 Weight (kg) 5.0 - - 
14.0 

C o ~ l e x i t ~  of u s e l  fro, ,,, suNey 12.0 - Reliability 
92.9 

USER REFERENCES 

G. E. Lukes 7031664-6173 
Research I n s t i t u t e  
Engineer Topographic Laborator ies  
Fort  Belvoir ,  Vi rg in ia  22060 

D r .  Robert L. Bond 5011375-7247 
University of Arkansas 
Grad. In s t .  of Tech. 
P. 0. Box 3017 
L i t t l e  Rock, Arkansas 72203 

*See poln t  system descr ip t ion .  



Code No. 76 

ASSAY PRINCIPLE 

COMMERCIAL HARDWARE DESCRIPTION 

Microcalorime try 

,mNDOR Perkin-Elmer Corp. 

Norwalk. Connecticut 06856 

' INSTRUMENT DSC-1B Differential Scanning Calorimeter 

MODEL OR CATALOG NO. 219-0135) 

- 
Points* Factor Specif icationa 

10.9 Cost $7,100 
12.6 Power required 117V, 60 Hz, 100 watts 
11.5 volume (m3) 0.075 
14.5 Weight (kg) 18.1 
18.1 

Coqlexity from user survey 18.6 Reliability 
86.2 

USER REFERENCES 

(? !  10 yr H. E. Bair 2011582-2381 
Bell Labs 
Murray Hill, New Jersey 07974 

3 Yr Dr. Edward M. Bairall I1 2031486-2441 
(2) IBM Research 

IMS U-136 University of Connecticut 
Storrs, Connecticut 06268 

*See point system description. 



Code No. 7 7 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Immunolog~cally ~ased1Agglu t ina t ion  

VENDOR Payton Associates,  Inc. 

Buffalo,  New York 14202 

' INSTRUMENT Single-Channel Aggregation Module 

MODEL OR CATALOG NO. _ 300-D 

Points* Factor  Spec i f i ca t i ons  -- 
16.4 Cost $;, 375 
13.8 Power required 105-125 V ,  60 Hz - + 5%, 70 w a t t s  
23.8 Volume (m3) 0.004 
17.3 Weight (kg) 9.1 
15.4 Complexity of use 
20.9 R e l i a b i l i t y  

3 from user survev 

lm 

USER REFERENCES 

E.J.W. Bowie, M.D. 5071282-2511 
Mayo C l i n i c  
200 F i r s t  S t r e e t ,  SW 
Rochester, Minnesota 55931 

W. Jean Dodds, D.V.X. 5181457-2663 
Div. Labs & Research 
New York S t a t e  Department of Health 
120 New Scotland Avenue 
Albany, N2w York 12201 

Dale H. Cowan, M.D. 2161 398-6000, Ext . 4115 
Case Western Reserve M?dical School 
Cleveland Met yo General Hospi ta l  
3395 Scranton Road 
Cleveland, Ohio 44109 

*Sea poin t  system descr ip t ion .  



Code No. 78 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometri: (general)  

,VENDOR - P a c i f i c  Photometric Instruments 

Emeryville, C a l i f ~ r n i a  94608 

' INSTRUMENT D i g i t a l  Photometer 

MODEL OR CATALOG NO. - 124 - 

Points* Factor  Spec i f i ca t i ons  

17.9 Cost $975 
14.1 Power required 115/230 V, 50160 Hz, 65 wat t s  
16.2 Vol-me (mJ) 0.019 
17.7 Weight (kg) 8.2 
15.1 complexit) 
17.4 R e l i a b i l i t y  

Of use 3 from user  survey 

98.4 

USER REFERENCES 

Bob Anderson 507/285-5831 
Mayo C l in i c  
200 F i r s t  STreet, SW 
Rochester, Minnesota 55901 

August H. Maki 9161752-6477 
University of Cal j forn ia  a t  Davis 
Davis, Ca l i forn ia  95616 

*See point  system descr ip t ion .  



Code No. 7 9 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/~bsorption/Inf:ared 

VENDOR Varian 

Palo Alto, California 94303 

' IYSTRUMENT Cary 17 Automatic Recording Spectrophotometer 

MODEL OR CATALOG NO. 01--700000-00 - 

Points* Factor Specifications 

7.6 Cost $29,990 
6.7 Power required 1151230 V, 50160 Hz, 1265 watts 
5.8 Volume (m3) 1.125 
7.5 Weight (kg) 249.5 - 

18.3 Complexity of use from vser survey 
1 - 5  Reliability 
62.4 

USER REFERENCES 

(1) 6 mo Allen D. Sawyer 2141749-2156 
U. S. Food & nrug Administration 
3032 Bryan . 

Dallas, Texas 75204 

(2) 6 mo Gregory L. Geof froy 8141865-1924 
Penn State University 
152 Davey Lab 
University Park, Pennsylvania 16802 

*See point system description. 



D-83 Code h'~, 80 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotonrtric/~bsorptlon/Visible 

VENDOR Gilford Ins  t r u m n t  Laborator ies ,  Inc. - 
Oberlin,  Ohio 44074 - 

* INSTRUMENT Micro-Sample Spectrophotome' - :r 
MODEL OR CATALOG NO. 300-N 

Points* Factor  Spec i f ica t ions  

14.3 Cost $2,400 
13.8 Power reqa l red  105-125V, 50160 Hz, 70 wat t s  
14.4 Volume (m3) 0.030 
15.2 Weight (kg) 15.0 
19.6 CornTlexity of u se )  fmmuseraurvey  13.3 R e l i a b i l i t y  - 
90.6 

USER REFERENCES 

Sharon G ~ t h r i e  6141299-3151, Ext. 3310 
B a t t e l l e ,  Cnlumbus Ldboratories 
505 King Avenue. 
Columbus, Oh20 43201 

Children's Hospi ta l  6141261-2140 
C l in i ca l  %ends t r y  Lab 

(Dept. of Ped ia t r i c s ,  OSU) 
561 South 17th S t r e e t  
Cclumbus, Ohio 43205 

*See poin t  system dcscr ip t ion .  



Code No. 81 -. 

COMMERCIAL ItARDWARE DESCRIPTION 

ASSAY Z AINC IPLE ~hotometric/Absorption/trisib~ 

,VENDOR Brinkmann Instruments, Inc. 

Westbury, New Yvrk 11590 - 
' INSTRUMENT Probe Colorimeter PC1600 - -  
MODEL OR CATA7,'JG NO. 20 23 000-2 - 

Points* , Factor Specifications - 
19.5 Cost $695 
26.7 Power required 110V, 50160 Hz, 5 watts 
20.7 Volume (m3) 0.007 
22.6 Weight (kg) 3. t 
'0.0 Co~lexi'y of use 3 from user sumey 
18.5 Reliability 
1 5 3  

USER !(EFEP,ENCES 

Dr. William Spira 6171653-1000, Ext. 2900 
U. S. Army Natick Development Cente- 
Food Scier,ct Lab 
Natick, Massachusetts 01760 

P. E. Cornwell, Ph.D. 2051934-2380 
UAB, The Medical Center 
University Station 
Birmiugham, Alabama 35294 

*Sec point system description. 



Code No. 82 - 
COMMERCIAL HARDWARE DESCRITTION 

ASSAY PRINCI?LE Photometric/Abeorption/Ultraviolet - 
VENDOR Bausch and Lomb, Analytical Systems Division 

Rochester, New York 14625 - 
' INSTRUMENT Spectronic 210 V'J Spect rophotometer 

MOiIEL OR CATALOG NO. _ 39-20-03 

Points* Factor Specifications -- 
11.4 Cost $6,000 
9.2 P o w e r  required 120V, 60 az,  360 watts 
10.3 Volume (m3) 0.117 
10.9 Weight (kg) 56.7 
14- 5 Cowlexity of use 1 from use* survey 17.4 Reliability 
73.7 

USER REFERENCES 

(1) 5 rco Justin G. Dane 7161882-8484 
Westwood Pharmaceuticals, Inc. 
468 DeWitt Street 
Buffalo, New York 14213 

Arthur W. Smith 5031668-6634 
City of Portland, Water Bureau 
Rt. 3, Box 582 
Sandy, Oregon 97055 

*See point system descripticn. 



Code No. 9 3 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/Emission/Fluori~tr~ 

VENDOR Baird-Atomic 

Bedford, Massachusetts 01.730 

' INSTRUMENT Fluorispec Spectrofluorometer 

MODEL OR CATALOG NO. SF-100 

Points* Factor Specifications 

11.5 Cost $5,775 
6.9 Power required 110V, 60 Hz, 1150 watts 
10.3 volume (m3) 0.116 

- - 
14.4 Complexity of use 3 from uer suwey 15.4 Reliability 
69.2 

USER REFERENCES 

Dr. Justin McCormick 3131F- -0710, Ext. 323 
Michigan Cancer Foundation 
110 East Warren. 
Detroit, Michigan 48201 

Dr. DeLyle Eastwood 2031445-8501, Ext. 255 
U. S. Coast Guard R&D Center 
Avery Point 
Groton, Connecticut 06340 

*See point sys tern description. 



CodeNo. 84 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE radio metric/^-~ay Fluorescence 

,mNDOR Applied Research Laborator ies  

Sunland, Cal i forn ia  91040 

' INSTRUMENT Non-Dispersive X-Ray Analyser 

N 9A0 MODEL OR CATALOG NO. 

Points* Factor  Speci f i c z ~ i o n s  

11.3 Cost $6,875 
2 .  Power required l l O V  + 15%. 50/60 Hz, 100 wa t t s  
10.8 Volume (m3) 0.094- 
13.7 Wei2ht (kg) 22.7 
19.5 
- cOelexity of use 3 from user  survey 
14.2 R e l i a b i l i t y  
81.8 

USER REFERENCES 

(1) 2 y r s  M r .  J. T. Har r i s  
Ketton Portland Cement 
Ketton, Stamford 
Lincolnshire ,  England 

2. B. Rae 
BP Refinery (Grangemouth) Limited 
Bo'ness Road 
Grangemouth, S t i r l i n g s h i r e  FK3 9XQ 

G. A. Lee 
ICI Aust ra l ia  Ltd. 
Organic Factory, Denison S t r e e t  
Matravi l le  
Sydney, NSW 2C 36 

*See point: sys tern descr ip t ion .  



CodeNo. 85 - 
COMkERCIIIl, HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/Abaorption/Visible 

VENDOR Clifford Instruments, Inc. 

Natick, Massachusetts 01760 - 
' INSTRUMENT Dens icomp 

MODEL OR CATALOG NO. 445-20 

Points* Factor Specifications 

12.6 Cost $3,980 
8.2 Power requ! red 115V, 50160 Hz, 575 watt, 
5.8 volume (m3) 1.178 
11.3 Weight (kg) 49.0 
22.8 
18.7 

complexity of use j from user survey - Reliability 
79.4 

USER REFERENCES 

(1) 4 yrs Augusto lguirre, M D. 6141261-5526 
Riverside Methodist Hospital 
3535 Olentangy River Road 
Columb A ,  Ohio 43214 

(2) 2 yrs Jaws J . Kennedy 5131872-2391 
Good Samaritan Hospital 
321 7 Clif to?. Avenue 
Cincinqati, Ohio 45220 

*See point system description. 



Code No. 86 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE P a t t e r n  Recoqni~  .'m Computer 

VENDOR Coming Sc -.nt i f  i c I n  .truments - 
M ~ d f i e l d ,  Massachusetts  02052 

' f NSTRUMENT LARC C l a s s i f i e r  

MODEL OR CATALOG RO. - 

Points* r'actor Specif  i c a t i n n ~  

6.1 Cost 
6.0 Power requ i red  
7 . i) volume (m3) 
6.0 Weight (kg) 

$70,000 
115V + lo%,  60 Hz, 1976 w a t t s  
0.535- 
19 4 . T': 

8.0 
13.2 - Of use 3 from u s e r  survev R e l i r b i l i t y  
48.3 

USER REFERENCES 

(1) 2 mo James W. Bacus, Ph.9, 3121942-5674 
Rus,n-Pres: iey'an-St. l . uke t s  M e d i ~ a l  Center 
l i j 3  West Contra,?s P a ~ w a y  
Chicago, I l l l n o ?  :: 60612 

Carol S t rang  3121649-3200 
Northwestela Memoria'l. H c s p i t a l  
303 bast Superior S t r e e t  
Chicago, I l l i n r , : ~  60Gil 

*See point system d e ~ c t . i p t i o , l  



Code No. 87 

COkMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photography 

 VENDOR P a i l l a r d  Inc. 

Linden, New Jersey 07036 

INSTRUMENT Hasselblad 70 mm SLR Camera 

M ~ ~ a  OR C A T ~ L ~ G  N ~ .  500 EL w i t h  Magazine 70 

Points * Factor Specif  i c a t i o r ~ s  

13.8 Cor t 
50.0 Parer  required 
23.8 volume (m3) 

$2,730 
In t e rna l  b a t t e r i e s  
0.004 

23.6 Weight (kg) 2.6 
16.9 complexity of ~ s e  
21.8 Re l i ab i l i t y  3 from user survey 

1x5  

USER REFERENCES 

G a r l a ~ d  L. Chade r s  6141268-9994 
Chambers Camera Service, Inc. 
4608 North High 'S t ree t  
Columbus, Ohio 43214 

J. G. Stephan 6141299-3151 
Bat t e l l e ,  Columbus Laboratories 
505 King Avenue 
Columbus, Ohio 43201 

Robert Parker 614/299-1101 
Parker Photo~raphs  
2036 North High S t r ee t  
Colunibus, Ohio 43201 

*See poin t  sys tern descript ion.  



Code Nc. 88 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE P a r t i c l e  CountingIElectro-conductimetric 

Coulter Electronics ,  Inc. - 
Hialeah, Florida 33010 

' INSTRUMENT Co~? i t e r  Counter TA IIIPCA 

MODEL OR CATALOG NO. 6600688 

Points* Factor Specif icat ions 

8.8 Cost $16,826 
8.1 Power required 105-125 V,  50160 Hz, 600 w a t t s  
9.6 ~ o l u m e  (m3) 0.150 

10.4 Weight (kg) 68.0 
20.0 

Com~lexi ty of Use) from user suntey 15.1 - Rel i ab i l i t y  
72.0 

USER REFERENCES 

('1 1-112 y r  D r .  Charles A. Danieis 2161933-6181, Ext. 254 
B. F. Goodrich Chemical Co. 
Technical Center 
P. 0. Box 122 
Avon Lake, Ohio 44012 

Steve Shultz 614i224-2228 
Ironsides Company 
270 West Mound S t r ee t  
Columbus ,Ohio 43216 

*See poi?; sys tern descript ion.  



Code No. 89 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/~efraction/~ight Scatter 

Pen Kern Co. 

Croton-on-Hudson , New Y crk 10520 

' INSTRUMENT Automatic Laser Zee Meter 

MODEL OR CATALOG NO. . 
200 3 

Points* Factor Specifications - 
10.0 Cost New instrument - cost not yet determined 
7.9 Power required 105-1251205-230 V, 50160 Hz, 650-617 watts 
8.3 volume (m3) 0.268 

10.4 Weight (kg) 68.1 
10.0 Complexity of use 
10.0 3 from user survey - Reliability 
56.6 

USER REFERENCES 

Instrument not yet marketed 

*See point sya tern description. 



Code No. 90 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/~efraction/~ight Scatter 

.VENDOR Pen Kern Co. - 

Croton-on-Hudson, New yr,ric 10520 

' INSTRUMENT Lase:r Zee Meter 

MODEL OR CATALOG NO. -400 

Points* Factor Specifications 

10.4 Cost 
13.2 Parer required 
9.9 volume (m3) 
13.1 Weight (kg) 

$8,500 
105-1251205-230 V, 50160 Hz, 85 watts 
0.134 
27.7 

10.0 
10,o - Complexity of use 3 from user survey Reliability 
66.0 

USER REFERENCES 

No users completed 

*See point system description. 



Code No. 91 

COIMh.ICIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/Absorptio~/~isib le 

.VENDOR ISCO 

Lincoln. Nebraska 

' f NSTRUMENT Spectroradiometer SR 

MODEL OR CATALOG NO. - 1050s 

Specifications 

14.3 Cost $2,390 
19.7 Power required 110-120 V, 50160 Hz, 17 watts 
17.4 volume (m3) 0.014 

- - 
15.1 Com~lexit~ of use3 from user survey 22.9 Reliability 
1 m  

USER REFERENCES 

Jack C. Bailey 6011686-2311 
ARS, USDA 
P. 0 .  Box225 . 
Stoneville, Mississippi 38776 

Dr. J.W.A. Burley 2151895-2624, 2623 
Department of Biological Sciences 
Drexel University 
32nd and Chestnut Streets 
Philadelphia, Pennsylvania 19104 

*See point system deecription. 



C o d e  N o .  92 

COMBRCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Electrometric/~onductimetry 

,WNDOR The London Company 

Cleveland. Ohio 44145 

' INSTRUMENT Conductivity Meter 

MODEL OR CATALOG NO. CDM 3 

Points* Factor Specifications 

18.6 Cost $830 
25.6 P o w e r  required 110/220 V 5 lo%, 47.5-63 Hz, 6 watts 
18.1 Volume (m3) 0.012 
20 6 Weight (kg) 4.5 
17.2 

C o ~ l e x i t ~  of Use?, from user suntey 17.2 Reliability 
11-73 

USER REFERENCES 

(1) 3 yr T. T. Kramer, D.V.M., Ph.D, 826-4539 
Department of Veterinary Microbiology 
Auburn University 
Auburn, Alabama 36830 

Dr. A. Scanu 3121947-5720 
University of Chicago 
950 East 59th Street 
Chicago, Illinois 60637 

*See point system description. 



Code No. 93 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRf NCIPLE Electrometric/Conductimetry 

.yENDOR The London Company 

Cleveland, Ohio 44145 
* 

' INSTRUMENT Conductivity Meter 

WDEL OR CATALOG NO. CDM 2 

Points* Factor Specif ications 

19.2 Cost $730 
20.3 Power required l l0/12 //150/200/220/240 V,  50/60 Hz, 15 watts 
23.9 volume (m3) 0.004 
21.3 Weight ikgj 3.9 
22.4 
22.4 - Co~lexity @' Use3 from user survey 

Rel iabi l i ty  

USER REFERENCES 

Joseph Jarabak 312/947-5539 
Department of Medicine 
University of  Chicago 
Chicago, I l l i n o i s  60637 

Patrick Guire 816/561-0202 
Midwest Research Inst i tute  
425 Volker Blvd. 
Kansas City, Missouri 64110 

*See point system description. 



Code No. 94 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE P a r t i c l e  Count ing/Electro-Conductimetric 

.VENDOR Coulter E lec t ron ics ,  Inc. 

Hialeah, F lor ida  33010 - 
' INSTRUMENT Coulter Counter ZBI 

* 

HODEL OR CATALOG NO. 6500051 

- - - 

Points* 

~ ~- 

Factor  Spec i f ica t ions  

11.4 Cost $5,874 
10.3 Power required 105-125V, 50160 Hz, 230 wa t t s  
11.8 volume (m3) 0.066 
14.2 Weight (kg) est. 20 
20.0 
13.5 - Co~lexity from user survey 

R e l i a b i l i t y  
81.2 

USER REFERENCES 

(1) 1 yr Frances E. Sco t t  205/453-1341 
National Aeronautics 6 Space Administration 
Marshall Space F l i g h t  Center 
Marshall Space F l igh t  C t r . ,  Alabama 35812 

D r .  W. Fred Hink 614/422-4943 
The Ohio S t a t e  University 
Depart ... 2nt of Entomology 
1735 N e i l  Avenue 
Columbus, Ohio 43210 

*See poin t  system descr ip t ion .  



Code No. 95 - 
COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~lectromr?tric/~onductimetry 

. y m o R  Leeds and Northrup eo. 

North Wales, Pennsylvania 19454 - 
' f NSTRUMENT Elec t ro ly t i c  Conductivity I%nitor 

HODEL OR CATALOG NO. 7073 

Points* Factor  Specif i ca t ions  

32.0 COB t 
21.5 P w e r  required 
18.1 volume (m3) 

$430 
120V, 50/60 Hz, 12 w a t t s  
0.012 

19.1 Weight (kg j 6.1 

USER REFERENCES 

Bob Wagner 6141299-4101, Ext . 49 
Americau Smelting & Refining Co. 
1363 Windsor Avenue 
P. 0. Box 327 
Columbus, Ohio 43216 

W i l l i a m  Beck 419/423-8123 
Whirlpool Carp. 
4901 North Main 
Findlay, Ohio ~5840 

*See poin t  system descript ion.  



Code No. 96 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Enzymatically based/ATP Photometry 

.VENDOR SAI Technology Co. 

Sari Diego, Cal i forn ia  92123 

' INSTRUMENT ATP Photometer 

MDEL OR CATALOG NO. 

Points* Factor Spec i f ica t ions  

11.6 Cost $5,500 
18.1 P o w e r  required 115/230 V 2 lo%, 48-440 Hz, 24 wat t s  
17.1 volume (m3) 0.015 
19.7 Weight (kg) 5.4 
21.4 
20.5 R e l i a b i l i t y  
1m 

USER REFERENCES 

D r .  Osmund Holm-Hansen 714/452-2339 
Scripps I n s t i t u t  :on of Oceancgraphy 
University of Cal i forrSa 
Sverdrups Hall 2153 
La J o l l a ,  Calf.fornia 92037 

D r .  Grace Lee Picci010 3011982-2121 
NASA-Goddard Space Center 
Code 126 
Greenbelt, Marjland 20771 

*See point  sys tern descr ip t ion ,  



D-100 Code No. 97 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photography _. -.- 

.WNDOR - Charles A. Hulcher Co., Inc, 

- Hampton, Virginia 23361 ,... .. 
'INSTRUMENT 35 mm S e q u e ~ ~ ~ e  Camera 

~ D E L  OR CATALOG NO. 112 with single-frame pulse 

Points* Factor Specif icat ions 

15.2 Cost $1,860 
12.1 Power required 12/24 VDC, 120-70 watts 
25.6 volume (m3) 0.003 
26 7 Weight (kg) 1.6 

20.6 Re l i ab i l i ty  
1 3 s  

USER REFERENCES 

(1) 4 Y r  Shannon L. Ball  2141455-3450, Ext . 6270 
E-Systems, Inc. 
Box 1056 
Greenville, Texas 75401 

Time-Life Photo Lab 2121556-2019 
Time Inc. 
1271 Avenue of the Americas 
New York, New York 10020 

*See point system descript ion,  



D-101 Code No. 98 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometr ic /Absorpt  i o n l v i s i b l e  

.W.NDOR Transidyne General Corp. 

Ann Arbor, Michigan 48106 - 
'INSTRUMENT Programmable Scanning Densitometer 

MODEL OR CATALOG NO. 2980 

Points* Factor Spec i f i ca t i ons  

11.2 Cost $6,450 
9.6 Power required 1101220 V,  50160 Hz, 300-250 wat t s  

11.0 volume (m3) 0.088 
12.6 Weight (kg) 31.8 
20.6 
15.6 

Co~lexi ty  of use 1 i r o n  user survey - R e l i a b i l i t y  
80.6 

USER REFERENCES 

(1) 2 Y r  W. A. Foote Memorial Hospi ta l  5171783-2771 
205 North East Avenue 
Jackson, Michigi~n 49201 

D r .  G. Sherman 6171492-3500 
Mount Auburn Hospital  
330 Mount Auburn S t r e e t  
Cambridge, Massachusetts 02138 

*See point  sys  tern descr ip t ion .  



Code No. 99 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Abso~tion/~isible -..- a 

.yENDOR Technical Consulting Services 

Southampton, Pennsylvania 18966 
. -- 

' INSTRUMENT Duel Wavelength F i l t e r  Photometer 

MODEL OR CATALOG NO. 30004  

Pointr* Factor Spec i f ica t ions  

13.9 Cost $2,685 
15.0 Power required l l O V ,  50160 HZ, 50 wat t s  
15.2 volume (m3) 0.024 
16.1 SJcight (kg) 12.2 
19.6 
- Coqlexity of use 'j from user survey 
17* R e l i a b i l i t y  
97.5 

USER REFERENCES 

(1) 2 Y r  Tsuyoshi Ohnishi , Ph .D. 2151448-7796 
Biophysics Laboratory 
Hahnemann Medical College 
230 Nortn Broad S t r e e t  
Philadelphia,  Pennsylvania 19102 

Toshiro Asakcra 2151~7-6000,  Ext . 694 
Children's Hospital  of Philadelphia 
Universit /  of Pennsylvania 
34th S t r e e t ,  Civic Center Blvd. 
Phi ladelphia ,  ?ennsylvania 19134 

*Sea poin t  syetem descript ion.  



Code No. 100 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE - Photonretric/Absorption/~isible - 
,yENDOR Photrcnic Inc.  

Jenkintarn,  Pennsylvania 19006 

' INSTRUMENT Tri-Colorphot 

MODEL Oi2 c4TALOG NO. PC .- 

Points* Factor Spec i f ica t ions  

18.3 Cost 
20.3 Power required 
20.0 volume (m3) 

$895 
110V, 60 Hz, 15 wat t s  
iI.i'O8 

21.8 Weight (kg) 3.6 - 
23.1 

C o ~ l e x i t ~  @f US' 3 from mer survey 20.8 R e l i a b i l i t y  
124.3 

USER REFERENCES 

Aubrey D. Hibbard 3141882-2043 
University of Missouri-Columbia 
Department of Hor t icu l ture  
1-43 Agriculture Building 
Columbia, Missouri 65201 

Barbara B . Aulenbach 3011344-3483 
USDA, ARS 
Hor i i cu l tu ra l  Crops Marketing Lab 
Room 6, Building 002, Agr icu l tura l  Research Center-West 
Be l t sv i l l e ,  Maryland 20705 

*See point  system descr ipt ion.  



Code No. 101 

COMMERCIAL HARDWARE DESCRIPTI3N' 

ASSAY PRINCIPLE ~hotometric/Absorption/~isible 

.yENDoR Photovolt Corp. 

New York, New York 10010 

'INSTRUMENT Lumetron 401 Photoelectric Colorimeter 

MODEL OR CATALOG NO. 4760 

Points* Factor Specifications 

23.6 Cost $325 
9.1 Power required 100-125V, 60 Hz (or 6 VDC) , 380 watts 

20.0 volume (m3\ 0.008 
18.3 Weight (kg) 7.3 
24.2 
21.8 - of from user survey Rel iabi l i ty  

117.0 

USER REFERENCES 

(1) 2 y r  Quality Control Department 2011343-8703 
Halocarbon Products Inc. 
82 Burlews Court 
Hackensack, New Jersey 07601 

(2) 10 ye Roll Coater, Inc. 3171462- 7761 
Irrvia I n d u s t r i a  
P. 0. Box 787 
Greenfield, Indiana 46140 

*See poin t  system description. 



D-105 Code No. 102 

(=OMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~h~tometric/~bsorption/~isible 

.yENDOR Photovolt Corp. 

Nev York, New York 10010 

' INSTRUMENT Densicord 552 Densitometer 

MOJlEI. OR CATALOG NO. 03-552-10 - 

Points* Factor Specifications 

12.4 Cost $4,250 
12.6 Pover required 90-130 V, 50/60 Hz, 100 watts 
11.3 volume (m3) 0.079 
13.1 Weight (kg) 27.7 
11.2 complexity of use 
16.8 Reliability 3 from user survey 

77.4 

USER REFERENCES 

Dr. 8. B. Davidson 6141221-4171 
Davidson Laboratories 
267 East Broad Street 
Columbus, Ohio 43215 

Robert Schmitt 5131221-2325- Ext. 400 
Veterans Administration Hospital 
Medical Service 
3200 Vine Street 
Cincinnati, Ohio 45220 

*See point system description. 



D-106 Code No. 103 

COMRCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Pa t t e rn  Recognition Computer (Image Analyzer) 

,yENDOR Rank Prec is ion  Indus t r i e s ,  Inc. 

Des Pla ines  , I l l i n o i s  00018 

'INSTRUMENT Imane Analv e e r  

MODEL OR CATALOG NO. 3000 - 

Points* Factor  Specif i c z t i o n s  

8.7 Cost $17,000 
11.4 Power required 230-250 V,  50160 Hz, 150 wat t s  

7.6 Volume (m3) 0.389 
8.7 Weight (kg) 144.0 

18.4 ~ o G l e x i t J  of use 
18.0 3 from user  survey - R e l i a b i l i t y  
72.8 

USER REFERENCES 

(1) 3 m> Charles Oxnard 3121643-2606 
Universi ty  of Chicago 
1025 East 57th S t r e e t  
Chicago, I l l i n o i s  60637 

(2) 1 Y r  David J. Goodenough, Ph .D. 3011955-3350 
Johns Kopkins University 
615 North Wolfe S t r e e t  
Baltimore, Maryland 

(3) New M. C. Bruce 301/443-2536 
Dept. Health, Education, d Welfare 
FDA/BRH 
12720 Winbrook Parkway 
Rockville,  Maryland 20852 

*See point  system deer r ip t ion .  



Code No.104 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~adiometric/Scintillation Photometry 

.yENDOR Beckman Instruments, Inc. 

Irvine, California 92664 

'INSTRUMENT Biogamma Analyzer 

MODEL OR CATALOG NO. 167776 

Points* Factor Specifications 

10.2 Cost 
10.2 Power required 
8.2 volume (m3) 

$9,400 
120V, 50160 Hz, 240 watts 
0.285 

7.4 Weight (kg) 272.2 
17.6 ~o&lexity of use 
16.7 from user survey - Reliability 
70.3 

USER REFERENCES 

Saint Thomas Hospital 
444 North Main Street 
Akron, Ohio 44310 

J. D. Clough, M.D. 
Cleveland Clinic 
9500 Euclid Avenue 
Cleveland, Ohio 44106 

M. Saffran, Ph.D. 
Department of Biochemistry 
P. 0. Box 6190 
Medical College of Ohio at Toledo 
Toledo, Ohio 43614 

*See point system description. 



Code No. 105 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Visible 

VENDOR Vitatron Medical, Inc. 

South Boston, Massachusetts 02127 

'INSTRUMENT Flying Spot Densitometer TLI) 100 - 
MODEL OR CATALOG NO. 811.100 

- 
Points* Factor Specifications 

10.9 Cost $7,000 
11.0 Power required 110/240 V, 50/60 Hz, (es t )  175 watts 
9.2 volume (m3) 0.180 
9.2 Weight (kg) 112.0 

10.0 
10.0 - Co~lexity Of from user survey Rel iabi l i ty  
60.3 

USER REFERENCES 

No user list received 

*See point sys tern description. 



D-109 Code No. 106 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/~bsorption/~isible 

.nNDOR L Vitatron Medical Inc. 

South Boston. Massachusetts 02127 

' INSTRUMENT Digital Concentration Photometer 

MODEL OR CATALOG NO. 951 OoO 

Points* Factor Specifications 

16.7 Cost 
15.2 Power required 
16.4 volume (m3) 
18.6 Weight (kg) 

$1,290 
1101220 V, 50160 Hz, 48 watts 
0 018 
6.8 

10.0 ~omplexity of use 
10.0 3 from user survey - Reliability 
86.9 

USER REFERENCES 

No user list received 

*See point sys tern description. 



Code No. 10 7 

COMMERt,;AL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Phot ometric/~bsorption/~ltraviolet 

g m D o R  Vitatron Medical Inc. 

South Boston, Massachusetts 02127 

' INSTRUMENT Modular Photometer System 

MODEL OR CATALOG NO. 940.100 

Points* Factor Specifications 

14.2 Cost 
11.8 Power required 
11.4 volume (m3) 

$2,490 
110/220 V, 50160 Hz, 130 watts 
0.078 

12.3 Weight (kg) 34.9 
10.0 
10.0 - Co~lexity Of from user survey Reliability 
69.7 

USER REFERENCES 

(1) No user list received 

*See point system description. 



D-111 Code No. 108 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~h~tometric/~bsorption/visible 

,aNDOR International Light, Inc. 

Newburyport, Massachusetts 01950 

' INSTRUMENT Spectroradiometer System 

MODEL OR CATALOG NO. IL 700lIL 760lIL 780 - 
-- 

Points* Factor Specifications 

12.6 Cost $3,936 
14.9 Power required 1151230 V, 50160 Hz, (est) 52 watts 
18.5 volume (m3) (3.011 
16.6 Weight (kg) 10.7 
18.7 
14.0 - Cowlexity of from user survey 

Reliability 
95.3 

USER REFERENCES 

(1) 6 mo Dr. Edward A. Enmrett 5131872-5284 
University of Cincinnati 
231 Bethesda Avenue, Room 5251 
Cincinnati, Ohio 45267 

R. R. Chance 2011455-4991 
Allied Chemical 
Materials Research Center 
Morristown, New Jersey 07960 

*See point system description. 



Code No. 109 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Visible 

,mmR Helena Laborator ies  

Beaumont, Texas 

' INSTRUMENT Quick-Scan Jr. Densitometer 

MODEL OR CATALOG NO* 1111 

Points* Factor  Spec i f ica t ions  

16.1 Cost $1,500 
11.0 Power required . 115V, 50/60 Hz, 173 watts 
14.0 volume (m3) 0.034 
15.6 Weight (kg) 13.6 
15.8 
17.4 - Coqlexity of use 3 from user  survey 

R e l i a b i l i t y  
89.9 

USER REFERENCES 

(1) 1-1/2 y r  Glen Berryman 419/244-3711 
Flower Hospi ta l  Laboratory 
3350 Collingwood. Blvd. 
Toledo, Ohio 43610 

(2) 1-1/2 y r  E. D. S l i f e r ,  M.D. 2171824-3331 
St .  Vincent Memorial l iosp i ta l  
201 East Pleasant  S t r e e t  
Taylorv i l le ,  I l l i n o i s  62568 

*See point  system d e s c r i ~ t i o n .  



AS SAY 

D-113 Code No.. 110 

COMMERCIAL HARDWARE DESCRIPTION 

PRINCIPLE Photometric/Abscrption/Ultraviolet 

VENDOR Varian -- 

- Palo Alto, Califamia 94303 

' INSTRUMENT Cary 118C W-Vis Spectrophotometer - 
MODEX OR CATALOG NO. 01'180000-00 

Pointst Factor Specifications 

8.7 Cost 
8.1 Power required 
7.5 volume (m3) 
8.9 Weight (kg) 

$17,250 
115/230 V, 50160 Ez, 575 watts 
0.403 
136.1 

1b.O 
17.7 Comlrxity of from user surrey - Reliability 
66.9 

USER REFERENCES 

Daniel L. Francis 
Ben Venue Labs 
Bedford, Ohio 44146 

John Tupa 216/771-5121 
Glidden-Durkee, Div. S.C.M. 
115651 Sprague Road 
Strongsville, Ohio 44136 

*See point system description. 



Coda No. 111 

COMMERCIAL FARDdAhE DESCRIPTION 

ASSAY PRINCIPLE Photometrlc/Absorption/Ultraviolet 

.yENDoR Phatmacia Fine Chemicals, Inc. 

Piscataway , N e w  Jersey 08854 - 
' INSTRUMENT Dual Wavelength W Photometer 

MODEL OR CATALOG NO. 200 

Points* Factor Specif icat ions 

14.2 Cost $2,439 
20.7 Power required 115V, 60 Hz, 14 watta 
19.5 Volume (m3) 0.009 
19.4 Weight (kg) 5.7 
20.4 
20.3 Co~lexi ty  of Use 3 from user survey Re l i ab i l i ty  

114.5 

USER REFERENCES 

(1) 8 mo James S. Hagen 2011545-1300, Ext. 3447 
E. R. Squibb 
Georges Road . 
New Brunswick, New Jersey 08903 

D r .  Lamanna 3011443-X36 
FDA, BRH, DBE, XSB, MSS 
HFX-120, 5600 Fishers Lane 
Rockville, Maryland 20852 

*See point system description. 



Code No. 112 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/~bsorption/~ltraviolet 

VENDOR Pharmacia Fine Chemicals, Inc . 
Piscataway, New Jersey 08854 

' INSTRUMENT W-Visible Photometer 

MODEL OR CATALOG NO. 140 

Points* Factor Specifications 

15.5 Cost 
21.5 Power required 
19.5 volume (in3) 

$1,726 
105-125 V, 60 Hz, 12 watts 
0.009 

20.3 Weight (kg j 4.8 
17.7 
13.7 Cow'exity of use 3 from user survey 
l m  

Reliability 

USER REFERENCES 

C. A. Daniels, M.D., Ph.D. 919/684-2125 
Duke University 
Department of Pathology 
Durham, North Carolina 77710 

Mr. Terry L. Kaduce 319 / 35 3-6069 
University of  Iowa 
Department of Biochemistry, 4-555 BSa 
Iowa City, Iowa 52240 

*See point system description. 



Code No. 113 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE -. Elect rometr ic lCoulo~try  - , .  - 
yENL)(IR McKee Pedersen Lnstruments 

Daaville, California 94526 - 
' INSTRUMENT Electrocell-CPC 

MODEL OR CATALOG NO. C-2000-1 

Points* Factor Speci :ications 

19.9 Cost $640 
12.6 Power reqciiad 1 1 7 V ,  50160 Hz, (es t )  100 watts 
19.0 Volume (m3) 0.010 
20.0 Weight (kg) 5.0 
10.0 Complexity of use 
10.0 - Reliabi l i ty  3 from user survey 
91.5 

USER REFERENCES 

(1) N c  users list received 

*See point sys tern description. 



COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/Absorption/Ultraviolet 

,yErsDoR LKB Instruments, Inc. 

Rockville , Maryland 20852 

' INSTRUMENT Uvicord I1 W Absorptioneter 

MODEL OR CATAL3Ct NO. 8300 A 

Points* Factor Specifications 

15.2 Cost 
14.1 Power required 
16.4 Volume (m3) 
15.6 Weight (kg) 

$1,850 
1151230 V, 50150 Hz, 65 watts 
0.018 
13.5 

25.9 
21.2 Reliability 
15.4 

USER REFERFNCES 

Code No. 11 4 

Gene Myranc, 3131577-1543 
Wayne University (Medicine) 
540 East Canfield 
Detroit, Michiean 48201 

Dr. M. D. Poulik 3131549-7000, Ext. 245 
William Beaumont Hospital 
Royal Oak, Michigan 48072 

*See point system descri ?on. 



Code No.- 115 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet 

.yEM)(IR ISCO 

Lincoln, Nebraska 68505 

' INSTRUMENT Absorbance Monitor UA-5 

MODEL OR CATALOG NO. 0721 U 

Points* Factor Specifications 

4 Cost $1,795 
2 Power required 1101120 V, 50/60 Hz, 115 watts 
8 volume (m3) 0.027 

16.4 Weight (kg) 11.3 
16.4 Com~lexity of use 1 from mer sumey 
19.6 - Reliability 
94.8 

USER REFERENCES 

(1) 2 Yr John R. Shainoff, Ph.D. 2161229-2200, Ext. 1262 
Research Division 
Cleveland Clinic-Foundation 
9500 Euclid Avenue 
Cleveland, Ohio 44106 

2 Yr Jams S. Marshall, M.D. 2161791-7300, Ext. 2150 
Case Western Reserve University 
2065 Adelbert Road 
Cleveland, Ohio 44106 

*See point system description. 



Code No. 116 

COMMERCIAL HARDWARE DESCRIPTION 

PRINCIPLE Photometric/~bsorption/Visible 

.?ENDOR Hycel, Inc. 

Houston. Texas 77042 

' INSTRUMENT Desk Top Cnemical h a l y z e r  

WDEL OR CATALOG NO. HMA-16rJo 

Points* Factor Specif icat ions 

8.9 Cost $16,000 
8.3 Power required l l C V ,  60 Hz, 550 watts 
9.9 volume (m3) 0.133 

10.3 Weight (kg) 72.5 
12 .o 

Complrxity of Use] from US.r su*eY 13.7 Re l i ab i l i ty  
63.1 

USER REFERENCES 

Tony Piano 3121643-9200, Ext . 364 
I l l i n o i s  Central Co-mrmnity Eospital  
5800 Stoney Island Avenue 
Chicago, I l l i n o i s  60637 

David Marrack, M.D. 7131524-7631 o r  790-4661 
Baylor College of Medicine 
Pathologv Department 
1200 Moursund 
Houston, Texas 77025 

*See point system description. 



Code No. 117 

COMMERCIAL HARDWARE DESCR1PTIC.N 

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet -- 
VENDOR Glenco Scientific Inc. - - 

Houston, Texas 7 7007 

INSTRUMENT W Absorbance Monitor - 
MODEL OR CATALOG NO. 5480 

Points* Factor Specifications 

17.8 Cost $995 
15.9 Power required 115V, 50160 Hz, 40 watts 
21.6 Voluare (a3) 0.006 
20.3 Weight (kg) 4.8 
10.3 
15.3 Reliability 

USER REFERENCES 

Henry S. Kingdon 9191966-1540 
University of North Carolina 
Department of Medicine 
Chapel Hill, North Carolina 27514 

Melvin H. Keyes 419/242-.554', 
Owens- Illinois 
1700 North Westwood 
Toledo, Ot-io 43666 

*See point sys tern description. 



Code No. 11 8 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/~ltraviolet 

VENDOR Gilson Medical Electronics - 
Middleton. Wisconsin 53562 

' INSTRUMENT Dual Beam W Monitor - 
261 MODEL OR CATALOG NO, - 

Points* Factor Specifications 

16.4 Cost $1,395 
18.9 Power required 1151230 V, 50160 Hz, 20 watts 
19.3 volume (m3) 0.009 
18.6 Weight (kg) 6.8 
16.7 
13.8 Co~lexity of use 3 from user survey 

Reliability 
103.9 

USER REFERENCES 

(1) 4 m Dr. Roy Emery 5171355-8432 
Michigan State University 
Department of Dairy Science 
East Lansing, Mich::gan 48842 

Louis Adam 513/872-4701 
University of Cincinnati 
Division of Immunology 
Medical Sciences Building 
Cincinnati, Ohio 45267 

*See point system description. 



Code No.., 119 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Visible 

VENDOR Gelman Instrument Co. 
\ 

Ann Arbor, Michigan 48106 - 
' INSTRUMENT Digiscreen-M 

MODEL OR CATALOG NO. 39410 

Points* Factor  Spec i f ica t ions  

13.7 Cost $2,800 
12.1 Power required 115V, 50160 Hz, 120 wat t s  
13.3 Volume (m3) 0.041 
13.1 Weight (kg) 27.2 - - 

14.8 complexity Of fro, 
16.7 R e l i a b i l i t y  

USER REFERENCES 

(1) 2-1/2 y r  Community Medical Laboratory 301/662-3860 
801 Tol l  House Avence 
Frederick, Maryland 21701 

6 mc Loudown Memorial Hospi ta l  7031777-3300, Ext. 2685 
(2) Northern Vi rg in ia  Commonwealth College 

Route 7 
Leesburg, Virginia  22075 

*See poin t  system descr ip t ion .  



cadi? No. 120 - 
COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Electrometric/Potentiometry 

,WNDOR. Environmental Sciences Associates, Inc. 

Burlingtan, Massachusetts 01803 

' INSTRUMENT Single-Cell Anodic Stripping Voltannneter 

MODEL OR CATALOG NO. SA-2011 

Points* Factor Specifications 

14.2 Cost $2,450 
18.9 Power required 110V, 60 Hz, 20 watts 
17.1 volume (m3) 0.015 
25.6 Weight (kg) 1.9 
1661 
17.9 Reliability 
1 m  

USER REFERENCES 

(1) 2-112 yr Steven Abbe 6091964-4000 
Campbell Soup Co. 
Campbell Place . 
Camden, New Jersey 08101 

(2) 1-112 yr D. F. Craston 2121MU4-1600, Ext. 226 
Chief Medical Examiner 
New Yorii City 
New York University, Medical Center 
520 First Avenue 
New York, New York 10016 

*See point system description. 



Code No. 121 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE RadiometricIX-Ray Fluorescence 

VENDOR DuPont Co., Instrument Products Division 

Wilmington. Delaware 19898 

'INSTRUMENT Electron Spectrometer 

MODEL OR CATALOG NO. 650 

Points* Factor Spec i f i ca t i ons  

6.5 Cost $37,000 
5.4 Power required 115V, 50160 Hz, 3000 watts 
6.3 volume (m3) 0.819 
7.7 Weight (kg) 226.8 

12.9 CoQPlexity of Usel fro, ,,, 
10.4 - R e l i a b i l i t y  
49.2 

USER REFERENCES 

(1) 3 m, Richard W. Lauver 2161433-4000, Ext. 6174 
NASAILwis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 

Merle M. Mil lard 
USEA-ARS-WRRL 
800 Buchannan S t r e e t  
Berkeley, Cal i forn ia  94710 

*See poin t  system descr ip t ion .  



Code No. 122 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Enzymatically BasedIATP Photometry 

VENDOR DuPont Co., Instrument Products Div. 

Wilmington, Delaware 19898 

' INSTRUMENT Luminescence Biometer 

MODEL OR CATALOG NO. 760 

Points* Factor Speci f ica t ions  

11.6 Cost $5,490 
18.1 Power required 105-130 V,  50160 Hz, 24 wat t s  
14.5 volume (m3) 0.029 
16.7 Weight (kg) 10.4 -. - ~ 

11.3 
18.6 cOG1exity of use 3 from user  survey - Rel iabi l i ty  
90.8 

USER REFERENCES 

(1) 2 Y r  Dept. of Dsiry Science 3011454-3928 
University of Maryland 
Animal Science Center 
College Park, Maryland 20742 

(2) 3-112 y r  No f f mann-LaRoche 201/475-5381 
Sarepta Road 
Belvidere,  New Jersey 07823 

*See point  system descr ip t ion .  



Code No. 12 3 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Enzymatically Based/Chromogenic 

VENDOR Gilford Instrument Labs, Inc. 

Oberlin. Ohio 44074 

'INSTRUMENT Dual Reagent Analyzer System 

ElODEL OR CATALOG NO. 
3402 

Points* Factor  Spec i f ica t ions  

9.3 Cost 
9 * 2  Power required 

loo2 Volume (m32 
9.6 _ _  - Weight (kg) 

$13,045 
120V, 60 Hz, 351 wat t s  
0.118 
95.7 

L1.U 
Co'nplexity of from user  survey 12.6 R e l i a b i l i t y  

71.9 

USER REFERENCES 

(1) 3 y r  Department of Laboratory Medicine 5131369-2280 
The Chr is t  Hcspi ta l  
2139 Auburn Avenue 
Cincinnat i ,  Ohio 45219 

H. Roger Barksdale 3171 783-8240 
St .  Francis Hospi ta l  
1600 Albany 
Beech Grove, Indiana 46107 

*See poin t  system descr ip t ion .  



Code No. 124 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Radiometric/Direct  Radia t ion Counting 

,VENDOR Picker  Corp. 

C inc inna t i ,  Ohio 45246 

' I MSTRUMENT Spec t rosca le r  4 

MODEL OR CATALOG NO. 
628-436 

Points* Fac tor  S p e c i f i c a t i o n s  

13*9 Cost $2,695 
1 4 a 4  Power requ i red  105-125 V,  50/60 Hz, 60 w a t t s  
If#b4 Volume (m3) 0.018 

Weight (kg) 13.2 
18.4 
16.6 Complexity use ] from user  survey - R e l i a b i l i t y  
95.4 

USER REFEREXCES 

Steven G. Gerdes 6141422-7651 
The Ohio S t a t e  Univers i ty  Hosp i ta l  
410 West l o t h ,  Room N154 
Nuclear Medicir.e 
Columbus, Ohio 43210 

George S. Cal lendine,  Jr .  
Consult ing Radiologic P h y s i c i s t  
9 31 Chatham Lane 
Coluiobus, Ohio 43221 

*See poin t  system d e s c r i p t i o n .  



Code No. 125 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~ad iome t r i c /Be ta  Imaging 

VENDOR Baird-Atomic 

Bedford, Massachusetts 

' INSTRUMENT Beta Camera 

MODEL OR CATALOG NO. 986-000 - 

Points* Factor Spec i f i ca t i ons  

8.3 Cost $20,500 
8.4 Power required 115V, 60 Hz, (es t .1  500 wat t s  
5 . 5  volume (m3) 1.444 
9.7 Weight (kg) 90.7 

17.6 
COQ1exity 3 from user survey 17.1 R e l i a b i l i t y  

66.6 

USER REFERE'XES 

1 )  8 y r  D r .  Geno Marco 9191292-7190, Ext. 2532 
Ciba-Geiby Cor?. 
P. 0.  Box 11422 . 
Wing Road 
Greensboro, North Carolina 27409 

D i  . Louis Malapeis 6141688-7175 
The Ohio S t a t e  University 
500 West 12th ..vevue 
Columbus, Ohio 43210 

M. L. Sutherland 3141694-5033 
Monsanto Agriculkural Co. 
800 Ncrth Lindbergh Blvd. 
St.  Louis, Missouti 63166 

*See point  system descr ip t ion .  



(I. 

-- 

Code No. 126 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE - Radiometric/Gamma Spectromet,ry -. . 

VENDOR Bio-Dynamics, Inc.  

Indianapol is ,  Indiana 46250 - 
' INSTRUMENT THY ROTEK - 
MCDEL OR CATALOG NO. 0 350 

Points* Factor Spec i f ica t ions  - 

16.1 Cost $1,495 
18.9 Power required l l O V ,  50160 Hz, LO wat t s  
15.6 Volume (m3) 0.022 
16.7 Weight (kg) 10.4 
'3.4 C o ~ l e x i t ~  of us' 3 from survey 
14.2 R e l i a b i l i t y  
94.9 

USER REFERENCES 

Drs. Briggs and Russell  6151546-6852 
1928 Alcoa Highway, Sui te  307 
Knoxville, Tennessee 37920 

Cirg  S.  Tai-ta, M.D. 201/523-0521 
220 Hamburg Turnpike 
Wayne, New Jersey 07470 

*See point  system descr ip t ion .  



Code No. 127 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Ra. - ' io rne t r ic /Ga~ Spectrometer 

VENDOR Raytheon Co., Medical Electronics  

Waltham, Massachusetts 02154 

'INSTRUMENT Sigma 2 Spectrometer 

MODEL OR CATALOG NO. 2 10 

Points* Factor  Spec i f i ca t i ons  

13.6 Cost 
15.9 Parer r p    ired 
17.4 Volume (m3) 
18.9 Weight (kg) 

$2,875 
117/235 V 2 102, 60 Hz, 40 wat t s  
0.014 
6.3 

21.8 
Complexity of U s e )  f r omwer  ,,,ey 

19 6 R e l i a b i l i t y  

USER REFERENCES 

(1) 2 y r  Dar re l l  Mi l le r ,  R.T.C.T. 210,364-4115, Est . 221 
Wooster Community Hospital  
1761. Beall  Avenue 
Wooster, Ohio 44691 

Joseph Suf £man 2161494-6820 
North Canton Medica'. Center 
60146 Whipple Avenue 
North Canton, Ohio 44720 

*Soe point system descr ip t ion .  



Code No. 128 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Radiometric/Scintillation Counting 

VENDOR The Nucleus, Inc. 

Oak Ridge, Tennessee 37830 

' INSTRUMENT Nuclear Analyzer 

MODEL OR CATALOG NO. 1100 

Points* Factor Spcci f * cations - 
15.4 Cost 
17.1 Power raquired 
15.6 Volua2 (m3) 

$1,790 
1151230 V, 50/60 Hz, 30 watts 
0.022 

- - 
18.0 Complexity of use 
15.0 Reliability 1 from user survey 

98.8 

Nor;dn D. Reed 406/994-4130 
Kontana State University 
Microbiology . 

Uo~emzn, F13~~tana 59 715 

Joailna Schaefer 
Diagncst ics ,  Inc. 
1618 Third Avenue North 
Birmingham, Alabama 35203 

*See point system descri~tion. 



Code No. 129 

COIDERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Radiometric/Scintillation Counting 

VENDOR Picker Corp. 

Cincinnati, Ohio 45216 

' INSTRUMENT Isotope Calibrator 

MODEL OR CATALOG N3. 632-507 

Points* Factor Specifications 

14.1 Cost $2,495 
17.4 Power required 115V + 10X, 60 Hz, 28 watts 
13- 7 volume (m3) 0.037- 
13.9 Weight (kg) 21.8 
16.8 Complexity of use 3 from user survey 17.3 Reliability 
93.2 

USER REFERENCES 

(I) 3 yr James K. Green, R.T. NMT 5131271-8800, Ext. 277 
Sister Mary Norbert Morgan 
Our La2y of Mercy Hospital 
Rowan Hills Drive 
Cincinnati, Ohio 45227 

Children's Medical Center 5131461-4790 
Department of Radiology 
1735 Chapel Street 
Dayton, Ohio 45404 

George W. Callendine, Jr. 
Consulting Radiologic Physicist 
931 Chatham Lane 
Columbus, Ohio 43221 

*See point system description. - 



D-133 Code No. 130 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Radiometric/Scintill~tion --- Counting 

VENDOR Beckman 3tstrtunents, Inc. 

I rv ine ,  Cal i forn ia  92664 

' INSTRUMENT Liquid S c i n t i l l a t i o n  System 

MIPEL OX CATALOG NO. LS-150 

Points* F a c ~ o r  Spec i f ica t ions  

9.3 Cost 
8.4 Power required 
6.5 volume (m3) 
7.4 Weight (kg) 

$i3,500 
115V, 50160 Hz, 520 wat t s  
0.706 
270.0 

22.8 Complexity of use 
17.9 1 from user survey 

R e l i a b i l i t y  
72.3 

USER EFERENCCS 

Nancy Hughes 614/422-2726 
The Ohio S t a t e  University 
410 West lo th ,  Room N622 
Columbus, Ohio 43210 

Ronald T. Borchardt 9131864-3427 
University of Kansas 
Department of Biochemistry 
Lawrence, Kansas 66044 

D r .  W. W. Leavi t t  2131872-5155 
University of Cincinnati  
College of Medicine 
Department of Physiology 
Cincinnat i ,  Ohio 45267 

*See point  system desc r i p t i on .  



Code No. 131 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~ad iom? t r i c /D i r ec t  Radiation Counting 

VENDOR Baird-Atom3.c 

Bedford, Massachusetts 

' INSTRUMENT Laboratory Monitor 

MODEL OR CATALOG NO. 904-443 - 
- -- 

Points* Factor  Specif l c a t i ons  

19.8 Cost $650 
22.5 Power required l l O V ,  60 Hz, 10 wat t s  
17.8 volume (m3) 0.013 
17.3 Weight (kg) (es t . )  9.1 
19.5 Complexity of use 
14- 7 R e l i a b i l i t y  

3 from user  survey 

1 m  

USER REFERENCES 

(1) 5 y r  Atomic Energy of Canada Ltd. 6131687-5581 
Chalk River Nuclear Laborator ies  
Chalk River,  Ontario KOJ 1 J O  

R. Gowe 6171762-1910, Ext . 320 
Department of Nuclear Medicine 
Norwood Hospi ta l  
800 Yashington S t r e e t  
Norwood, Massachusetts 02062 

*See point  system descr ip t ion .  



Code No. 132 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~adiometric/Gamma Spectrometry 

VENDOR Vangard Systems, Inc. 

Korth Haven, Connecticut 06473 

' INSTRUMENT TLC Radiochromatogram Plate Scanner 

MODEL OR CATALOG NO. 9 30 

Points* Factor Specifications 

12.5 Cost 
12.6 Power required 
16.0 Volume (m3) 

$4,095 
250V, 60 Hz, 100 watts 
0.020 

5 3 Weight (kg j (est.) 14.3 - 

16.7 Reliability 
93.4 

USER REFERENCES 

(1) 15 mo Dr. Richard Ferrari 518/ 465-6251 
Sterling-Winthrop Research Institute 
Columbia Turnpike 
Rensselaer, New York 12144 

Stanley Ulrek 2121367-7879 
VA Hospital 
130 West Kingsbridge Road 
Bronx, New York 10468 

*See point sys tern description. 



D-I 76 Code No. 133 - 
COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photography 

VENDOR Charles A. Hulcher Co., Inc. 

Hampton, Virginia  23361 

'INSTRUMENT 70 ann Sequence Camera 

MODEL OR CATALOG NO. 123 with single-frame pulse  

Points* Factor  Spec i f ica t ions  

14.3 Cost 
12.1 Power required 
20.1 volume (m3) 

$2,375 
24-28 VDC, 120-70 wat t s  
0.008 

21.3 Weight ikgj 3.9 
20.5 Complexity of use) ,,r purvey 
24.6 R e l i a b i l i t y  - 

USER REFERENCES 

Gerald H. Blesdon 
W.A.C. Corp. In r .  
R t .  1, Box 740 . 

Eugene, Oregon 9 7402 

Henry DeWolf 716/482-5564' 
Aerial Surveys 
106 S i lverda le  Drive 
Rochester, New York 14609 

*See poin t  system descr ip t ion .  



ASSAY P R I N C I P L E  

U-137 Code No. 134 

COMMERCIAL HARDWARE DESCRIPTION 

Microcalorimetry 

VENDOR LKB Instruments Inc. 

Rockville, Marylanc! 20852 

' INSTRUMENT Batch Microcalorimeter System - 
MODEL OR CATALOG NO. 2107-010 

Points* Factor Specifications 

9.3 Cost 
12.6 Power required 
7.2 Volume (m3) 

$13,200 
1151220 V + 5%,  50160 Hz, 100 watts - 
0.484 

9.7 weight ikgj 93.0 
10.0 Co~lexity of 3 from user survey 10.0 Reliability 
58.8 

USER REFERENCES 

User list not received 

*See point system description. 



ASSAY PRINCIPLE 

D-138 Code No. 135 

COMMERCIAL HARDWARE DESCRIPTION 

,VENDOR LKB Instruments, Inc. 

Rockville , Maryland 20652 

' INSTRUMENT Sorption Microcalorimeter System 

HODEL OR CATALOG *YO. 2 10 7-0 30 

Points* Factor  Spec i f i ca t i ons  

9.3 Cost 
12.6 Power required 
8.2 Volume (m3) 

$13,400 
220V + 5%, 50 Hz, 100 wa t t s  
0.280- 

10.1 Weight (kg) 79.0 
10.0 

'"lexit' of from user  survey 10.0 R e l i a b i l i t y  
60.2 

USER REFERENCES 

New instrument - no users ava i l ab l e  

*See poin t  system descr ip t ion .  



E.' 
'I.; l 

D-139 Code No. 136 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRI NCiPLE Photometric/Abs~rption/Visible 

VENDOR United Detector Technology, Inc. 

Santa Monica, California 90405 -- 
' 1 NSTRUMENT Photometer/Radiometer 

MODEL OR CATALOG NO. 11A 

Points* Factor Specifications 

17.4 Cost $1,095 
23.8 Power required 1151230 V, 50160 Hz, 8 watts 
21.5 Volume (m3) 0.006 
23.4 Weight (kg) 2.7 
10.0 C o ~ l e x i t ~  of US' 1 from user survey 
10.0 Reliability 
106.1 

USER REFERENCES 

No user list received 

*See point system description. 



Code No. 137 

COMIERCIN. HARDWARE DESCRIPTION 

ASSAY PRINCIPLE - Electrometric/Coulometry 

, V E r n R  Orion Research, Inc . -- - 
Cambridge, Massachusetts 02139 

' INSTRUMENT 801A Research D i g i t a l  Ionanalyzer - 
MODEL OR CATALOG NO. 080110 

Points* Factor  Specif i c a t i o c s  

16.8 Cost 
15.9 Powerrequi red  
16.2 Volume (m3) 
19.6 Weight (kg) 

$1,250 
100-240 V, 50160 Hz, 40 wa t t s  
0.019 
5.5 

13.3 
1 6 - 1  R e l i a b i l i t v  

USER REFERENCES 

Jack P. F le tcher  304/ 747-4133 
Union Carbide Corporation 
P. 0. Box 8361 . 
South Charleston, West Vi rg in ia  25303 

D r .  Michael J. Smith 513/426-6650, Ext. 669 
Wright S t a t e  University 873-2648 ( a f t e r  4/28/75) 
Department of Chemistry 
Dayton. Ohio 45431 

*See point  system descr ip t ion .  



Code No. 138 

CObIMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~nzymatic/Chromogenic 

VENDOR Gil fo rd  Instrument Labs, Inc .  

Oberlin, Ohio 44074 

' INSTRUMENT Auto-Stat Analyzer 

MODEL VR CATALOG NO. 3002-S 

Points* Fac tor  S p e c i f i c a t l o n s  

11.1 Cost 
9.1  Power requ i red  

10.0 volume (m3) 

$6,495 
120V, 60 Hz, 378 w a t t s  
0.127 

10.3 Weight (kg) 72.6 
14-4  ~ 0 6 l e x i t ; o f  use 3 from user  survey 14.8 R e l i a b i l i t y  
69.7 

USER REFERENCES 

(1)  2 mo C. Stephens, M.D. 6061292-3191 
S t .  Luke Hosp i ta l  
85 North Grand , 

F t .  Thomas, Kentr~cky 41075 

Clayton McAvoy, M.T. 5031889-5331, Ext . 32 
Holy Rosary Hosp i ta l  Laboratoq 
351 SW 9 t h  S t r e e t  
Ontar io ,  Oregon 97914 

*See p o i n t  system d e s c r i p t i o n ,  



D-142 Code No. 139 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Multiparameter Cell  Analysis 

,WNooR Technicon Instruments Corp. 

Tarrytown, New York 10591 - 
' INSTRUMENT Autocounter Module 

MODEL OR CATALOG NO. 139-AOO4-01 

Points* Factor Specif icat ions 

11.8 Cost 
10.0 Power required 
13.1 Volume (m3) 

$5,225 
117V + 5 X ,  60 I iz ,  250 watts 
0.044- 

12.9 Weight (kg j 29.5 

10.0 Rel iab i l i ty  
67.8 

USER REFERENCES 

User list not received 

*See point system description. 



Code No. 140 

COMMERCI$ HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Mu1 tiparameter Cell Analysis 

,mNDOR Technicon Instruments Carp. 

Tarrytown, New York 10591 

' INSTRUMENT Automated Hematology Analyzer 

MODEL OR CATALOG PC. 

Points* Factor Specif icat ions 

6.4 cost 
5 .8  Power required 
4 .8  Volume (m3) 
6.0 Weight (kg) 

$59,000 
105-125 V, 60 Hz, 2300 watts 
2.416 
635.0 

10.0 
Com~lexity of use 3 from user survey 10-0  Rel iabi l i ty  -- 

43.0 

USER REFERENCES 

(1) User list not received 

*See point system description. 



ASSAY 

Code No. 141 

COMMERCIAL HARDWARE DESCRIPTION 

Light Microscopy PRINCIPLE 

VENTIOR Carl Z e i ~ s ,  Inc. 

New York, New York i0016 

' INSTRUMENT Universal Yicroscope --- 
(none) MODEL OR CATALOG NO. -- --- 

Pcintr* F a ~ t o r  Specif icat ions 

10.6 Cost 
10.6 Power required 
13.4 volume (m3) 
14-5 Weight (kg) 

$8,000 
115V, 60 Hz, 200 watts 
0.040 
18.1 

10.0 ~ o n p l e x i t y  of use 
10.0 Rel iabi l i ty  , from user survey 

USER REFERFYCES 

User l i s t  not received 

*See  point system description. 



Code No. 142 

COMMERCIAL HARDWARE DF,SCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet 

VENDOR Carl Zeiss, Inc. 

New York, New York 10018 

INSTRUMENT Photometer 

MGDEL OR CATALOG NO. PMQ- 3 

- - 
Points* Factor Specifications 

10.6 Cost $7,950 
go2 Power required 115V, 60 Hz, 350 watts 
lo- t3 Volume (m3) 0.094 
11a6 Weight(kg1 45.4 
10.0 Complexity of use 
10.0 Reliability 

3 from user survey 
62.2 

User list not received 

*S?e poi.;t sys tern descri~ tion. 



Code No. 14 3 

COklMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/,2bsorption/~isible 

VENIIOR Carl Zeiss,  Inc. 

New York. New York 10018 

' INSTRUMENT Digital  Photometer Indicator 

MODEL OR CATALOG NO. 93 00 38 

Points* Factor Specif icat ions 

15 .1  Cost $1,920 
15.0 Power required 1151230 V - + 10% 50160 Hz, 50 watts 
17.1 Volume (m3) 0.015 
17.2 Weight (kg) 8 . 2  
10-0 Complexi tyofuse .  
10.0 Rel iabi l i ty  from user survey 

84.4 

USER REFERENCES 

User list not received 

*See point sys tern description. 



Code No. 144 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY P R I N C I P L E  ~ h o t o m e t r i c l ~ e f  ract ion/~olarimetry 

VENDOR Carl Zeiss ,  Inc. 

New York, New York 10019 

' INSTRUMENT Circle ?olarimeter 0.05' 

MODEL OR CATALOG NO. 55 01 91 

Points* Factor Specif icat ions 

16.8 Cost 
15.9 Power rzquired 
16.4 volume (m3) 

$1,255 
llOV, 50160 Hz, 40 watts 
0.018 

20 7 Weight (kg) 4 .4  
10.0 Complexi tyofuse  3 from user survey 10-0 Rel iabi l i ty  
89.8 

USER REFERENCES 

(1) User l ist  not received 

*See point sys tern description. 



Code No. 145 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Light Microscopy 

, ~ N D O R  
Carl Zeiss ,  Inc. 

New York, New York 10018 

' INSTRUMENT 
Axiomat Microscope System 

UTC 
MODEL OR CATALOG NO. 

Points* Factor Specifications 

7 .1  Cost 
7-5  Power required 
7.8 volume (m3) 

$40,000 
115V, 60 Hz, 800 watts 
0.343 

8 . 6  Weight (kg) 147.4 
10.0 
- 

Coqlexity of 3 from user survey 10.0 Rel iabi l i ty  
51.0 

USER REFERENCES 

User survey not completed 

*See point system description. 



Code No. 146 

COMMERCIAL BAKDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet 

VENDOR Tracor Instruments 

Austin, Texas 78721 

' 1 NSTRUMENT 800D Tunable Absorption Detector - 

MODEL OR CATALOG NO. 58100 

Points* Factor Specifications - 
12.6 Cost 
20.3 Power required 
13.4 Volume (m3) 
14.5 Weight (kg) 

$4,000 
115V, 50160 Hz, ( e s t . ) l 5  wat t s  
0.040 
18.1 ( e s t . )  

10.J Complexity of use 3 f user survey 
10.0 R e l i a b i l i t y  
80.8 

USER REFERENCES 

No user  l ist  received 

*See p o i n t  system descr ip t ion .  



Code No. 147 

C0blMFXCIA.L HARDWARE DESCRIPTION 

ASSAY PRIlJCIPLE ~i'hotometric/Refraction/Light Scat te r ing  

VENDOR The V i r t i s  Company 

Gardiner, New York - 
IhSTRUMENT Brice-Phoenix Linht S c a t t e r i n e r  

MODEL OR CATALOG NO. BP-2000 

Points* Factor  Spec i f ica t ions  

12.7 Cost $3,870 
10.9 Power required 115V, 60 Hz, 180 wat t s  
14.2 Volume (m3) 0.031 
9.6 Weight (kg) 94.3 (es t . )  

17.0 
of M e  3 from user survey 15.2 R e l i a b i l i t y  

79.6 

USER REFERENCES 

(1) 15 y r  J. Kratohvil  3151268-2353 
Clarkson College of Technology 
Department of Chemistry 
Clarkson %liege of Technology 
Potsdam, New York 13676 

R. J. F i e1  7161592-2834 
Roswell Park Memorial I n s t i t u t e  
Spr ingvi l le  Laboratories 
Spr ingvi l le ,  New York 14141 

D r .  N e i  1 Wotherspoon 2 L2/650-6615 
M t .  S ina i  School of Medicine 
Environmental Sciences Laboratory 
New York, New York 10029 

*See point  s y s  tern descr ip t ion .  



D-151 Code No. 148 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Ref rac t ion /Ligh t  S c a t t e r i n g  

VENDOR C. N. WoodMfg. Co. 

Newtown, Pennsylvania 

' INSTRUMENT Monophotometer 

MODEL OR CATALOG NO, 
5000 wi th  DM 300 and BCD output  

- -  - 

Poin t s*  Factor  S p e c i f i c a t i o n s  

12.8 Cost 
11.4 Power required 
10.5 Volume (m3) 

$3,760 
115V, 50160 H z ,  150 w a t t s  
0.107 

12.0 Weight (kg) 39.5 - - 
14.7 

use 3 from user  survey 19.2 R e l i a b i l i t y  
80.6 

USER REFERENCES 

(1) 2 yr G i l b e r t  F. Pollnow, Ph.D. 4141424-1480 
Univers i ty  of Wisconsin-Oshkosh 
Department of Chemistry 
800 Algoma Blvd. 
Oshkosh , Wisconsin 54901 

Larry P i l l e p i c h  5171636-1547 
Dow Chemical Co. 
743 Building 
Midland, Michigan 48640 

T ~ ~ r o d o r e  T.  Herskovi ts  212/933-2233 
Fordham Univers i ty  
Bronx, New York 10458 

*See p o i n t  system d e s c r i p t i o n .  

,: I 
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Code No. 149 

COMMERCItU. HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Vlsible 

VENDOR Gamma Scientific, Inc. 

San Diego, CalLfornia 

'INSTRUMENT Digital PhotometerIRadiometer 

MODEL OR CATALOG NO. 820 with 820-16C head 

Points* Factor Specifications 

16.1 Cost 
23.1 Power required 
19 -5 Volume (m3) 
21.8 Weight (kg) 

$1,475 
110/220 V, 50160 Hz. 9 watts 
0.009 
3.6 

10.0 Reliability 
100.5 

USER REFERENCES 

(1) 1 yr A. E. Froluvek 51319 77-7050 
Measurement 6 Control Section 
Pr~cter 6 Gamble 
6300 Center Hill Road 
Cincinnati, Ohio 45224 

*See point system description. 



Code No. 150 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet 

VENDOR Varian 

Palo Alto, California 

INSTRUMENT 635M 53-Vis Spectrophotometer 

MODE% OR CATALOG NO, 
00-100056-01 

Points* Factor Specifications 

11.2 Cost $6,345 
10.6 Power required 110/115/220/240 V, 50160 Hz, 200 watts 
10-8 volume (m3) 0.096 
12.4 Weight (kg) 34.0 
10-0 Complexity of use 
10.0 1 from user survey - Reliability 
65.0 

USER REFERENCES 

(1) 6 no Richard Lauver 2161433-4000 
NASAILewis Research Center 
21000 Brookpark Road 
Cleveland, Ohio 44135 

*See point system description. 



D-154 Code No. 151 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/Absorption/Ultraviolet -- 

VENDOR Searle Analytic, Inc., Buchler Instrument Div. 

Fcrt Lee, New Jersey 

' INSTRUMENT Fracto-Scan 

MODEL OR CATALOG NO. 3-5100 

Points* Factor Specifications 

15.9 Cost 
15-0 Power required 
19 9 0 Volume (m3) 

$1,550 
110-115 V, 50160 Hz, 50 watts 
0.010 

17.7 Weight ikgj 8.2 
10.0 

of use 1 from user survey 10.0 Reliability 
87.6 

USER REFERENCES 

Robert T. Cook 2161 368-2695 
Case Western Reserve University 
2085 Adelbert Rd. 
Cleveland, Ohio 44106 

*See point system description. 



D-155 Code No. 152 

COf !?ERCiA?, HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~ho+ometric/~bsorption/Ultraviolet -- 
VENDOR Mic..-~medic Systems , Inc. 

Philadelphia, Pennsylvsnia 

'INSTRUMENT Spectrophotometer - 
MODEL OR CATALOG NO. MS- 2 

- 
Points* Factor Spccif ications 

11.5 cost 
8.0 Power required 
10.5 Volume (m3) 

$5,795 
1151230 V + lo%, 50160 Hz, 625 warts 
0.108 

11.7 Weight (kg) 42.6 
10.0 

Cowlexity of from user survey 10.0 Reliability 
61.7 

USER REFERENCES 

Dr. A. Pollard 
University of Toronto 
550 Vniversity Avenue 
Mr. Sir:ai Hospital 
Toronto, Ontario, Canada 

*See point  system description. 



ASSAY PRINCIPLE 

Code No. 15 3 

COMMERCIAL HARDWARE DESCRIPTION 

,mNDOR LKB Instruments , Inc . 
Rockville, Maryland 

INSTRUMENT .. Uvicord I W Absorptiometer 

MODEL OR CATALOG NO. 4700 A-1 

Points* Factor Specifications - 
16.2 Cost 
14.1- Power required 
16.4 volume (m3) 
16 9 Weight (kg) 

$1,435 
110/220 V, 60 Hz, 65  watts 
0.018 
10.0 

10.0 
10.0 Reliability 

USER REFERENCES 

Dr. M. D. Poulik 3131549-7000, Ext. 245 
Willism Beaumont Hospital 
Royal Oak, Michtgan 48072 

*See point system description. 



D-157 Code No. 154 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absotption/Ultravio~et - 
VENDOR GCA/YcPherson Instrument 

Acton, Massachueet ts 

' INSTRUMENT W Visible Spectrophotometer (single-beam) 

MODEL OR CATALOG NO. EU- 701-D 

Points* Factor Specifications 

11.4 Cost 
8.9 Power required 
10.4 volume (m3; 
10.0 Weight (kg) 

$5,800 
1151230 V, 501'60 Hz, 400 watts 
0.109 
81.6 - - 

19.0 Crmplexity of 1 from user survey 19.3 Reliabil! ty 
79.0 

USER REFERENCES 

(1) 3 yr D. A. Fischman 312/753--2701 
University of Chicago 
1193 East 57gh Street 
Chicago, Illinois 60637 

Sitrah C.R. Elgin 
IIz.rvard University 
lT~e Biological Laboratories 
16 Divinity Avenue 
Canbridge, Massachusetts 02138 

*See point sys tern description. 



Code No. 155 

COMMERCIAL HARDWARE DESCRIPTION 

RSSAY PRINCIPLE Photonietric/Absorption/Ultraviolet - 

Acton, Massachusetts 

' INSTRUMENT W Vis ib le  Ratio Recording Spectru~hotometet- (double-beam) 

MODEL OR CATALOG NO- EU- 70 7-D 

Points* Factor Specif  1 a', jns 

10.9 Cast 
8.9  Power required 
10.2 volume (m3) 

9 4 Weight (kg) 

$6,975 
1151230 V ,  50160 Hz, 400 watts 
C.117 
10i4.3 

USER REFERENCES 

Charles E .  Elson 6081262-2727 
University of Wisconsin 
1270 Linden Drive 
Madison, Wisconsin 53706 

.*See point sys tern descr ipt ion .  



Code No. 156 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet 

VENDOR DuPont Co., Instrument Products Div. 

Wilmington, Delaware 

' INSTRUMENT Split-Beam Photometric Analyzer 

MODEL OR CATALOG NO. 409 

Points* Factor Specifications 

12.0 Cost $4,750 
9.3 Power required 95-130 V, 60 Hz, 345 watts 
9 8 volume (m3) 0.142 
9-2 Weight (kg) 113.4 
10.0 

Cowlexity of from user survey 10.0 Reliability 
60.3 

USER REFERENCES 

(1, 11 yr William H. Wagner 304/747-5352 
Union Carbide Corporation 
P. 0. Box8361 . 
South Charleston, West Virginia 25303 

%ee point sys ten description. 



Code No. 15 7 

COEPERCI AL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/~bsorption/~lt raviolet 

VENDOR Bio-Dynamics , Inc . 
Indianapolis, 1ndiar.a - 

' INSTRUMENT DIGITEK 

MODEL OR CATALOG NO. 0900 

Points* Factor Specifications 

16.1 Cost 
17.7 Power required 
16.6 Volunie (m3) 

$1,495 
100-120 V - + 12%, 50/60 Hz, 55-24 watts 
0.017 

21.0 Weight i k g j  4.2 
10.0 Complexity of use 3 from user survey 
10.0 Reliability 
91.4 

USER REFERENCES 

(1) 4 mo Gary A. Nelson, M.D. 6011924-7994 
gniversity of Mississippi 
418 Clinton Blvd. 
Clinton, Mississippi 39056 

*See point system description. 



Code No. 158 

ASSAY PRINCIPLE ~hotometric/Absorption/Ultraviolet 

VEhrn2 Gilford Instrument Labs Inc. 

Oberlin, Ohio 

'INSTRUMENT Spectrophotometer 

HODEL OR CATALOG NO. 250 

Points* Factor Spccificetions 

11.2 Cost 
10.4 Power required 
li. 2 ~olume (m3) 

$6,250 
105-125 V, 50160 Hz, 218 watts 
0.083 

- 
10.0 complexity- of use 
10-0 Reliability 

3 from user survey 

63.2 

USER REFERENCES 

(I) 2 DO Amadeo J. Pesce 513;872-5371 
University of Cincinnati 
College of Medicine 
Bethesda Avenue 
Cincinnati, Ohio 45267 

(2) 

*See point system description. 



Code No. 159 

CONMERCILU HtlRDWLIEE DESCRIPTION 

ASSAY PRINCIPLE photomet ric/Absorption/Visible -- 
V E?IDOR E-C Apparatus Corp. 

St. Petersburg, Florida 
. -- 

' INSTRUMENT Transmission Densitometer 

EC 910 MODEL OR CATALOG NO. -- 

Points* Factor Specifications 

16.4 Cost 
16.8 Power required 
13.2 volume (m3) 

$1,385 
110/220 V, 50160 Hz, 32 watts 
0.042 

16.0 Weight i k g j  12.2 
10.0 

Complexity of use 3 from user survey 10.0 Reliability 
82.4 

USER REFERENCES 

C. E. Dasch 6141826-8221 
Muskingur "llege 
New Concord, Ohio 43762 

kSee point system description. 



Code No. 160 

ASSAY PRINCIPLE ~hotometric/Absorption/Visitle __ ___- _ _ ---- 

V E W O R  Glenco Scientific Inc. - - - - - -  
Houston, Texas - 

' I NST3UMENT Concentration Colorimeter --- 
MCDEL OR C.ITALOC NO. 

53 A-FC -- 

Points* Fa;tox Spcb-c f ications - 
23.0 Cost 
25.6 Power required 
33.7 Volune (m3) 

$355 
115V, 50160 Hz, 6 watts 
0.001 - - 

27.6 Wei~ht (kg) 1.4 
10.3 complexity use 3 from ilser :;ur icy 
10.0 Reliability 
1 m  

USER RFFEB:.:iCES 

Phil Sulser 3051578-2598 
Cordis Cow. 
Laboratory Division 
P. 0. Box 370428 
Miami, Florida 33137 

'See point  system descripticn. 



CoCc No. 161 

ASSAY PRIlJCIPLE ~hotometric/~bsorption/~isible 

VENDOR Bausch & Lomb, Analytical Systems Div. 

Rochester , New i'ork 

' tNSTRUMENT Spectronic 70 Spectrophc~ometer - 
MODEL OR CATALOG NO. 33-30-41 

Points* Factor Specifications 

17.1 Cost 
13.0 Power required 
13.6 Volume (n3) 
15 0 Weight (kg) 

$1,155 
1151220 V, 50160 Hz, 90 watts 
0.038 
15.9 - - 

10.0 Complexity of use 1 from user survey 10.0. Reliability 
78.7 

USER ZFESENCES 

Paul M. Guter 4121537-5551 
Teledyne-Vas co 
P. 0. Box 151 
Latrobe, Pennsylvania 15650 

*See point sys tern description. 



D-165 Code No. 162 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRIlJCIPLE - ~hotometric/~bsorption/~isible 

VENDOR Bausch & Lomb, Analytical Systems Div. 

Rochester, New York - 
' INSTRUMENT Spectronic 100 Spectrophotometer 

MODEL OR CATALOG NO. 33-30-43 

Points* Factor Specifications 

14.6 Cost 
12.6 Power required 
14.0 Volume (m3) 

$2,195 
118V, 50/60 Hz, 100 watts 
0.034 

14- 7 Weigl. {kg) 17.2 
10.0 

Of fro, user survey 10.0 Reliability 
75.9 

USER REFERENCES 

Marlon Larsen, 2h.D. 503/255-1220, Ext. 222 
ICN United Medical Lab, Inc. 
Box 3932 
Portland, Oregon 97208 

*See point system description. 



Code No. 16 3 

CObIMECCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/~mission/Fluorimetry 

VENDOR Baird-Atomic 

Bedford, Massachusetts 

' INSTRUMENT Fluoriruet F i l t e r  Fl.uorometer - 

MODEL OR CATALOG NO. F'M- 200 

Points* Factor Spec i f ica t ions  

18.8 Cost 
9.6 Power required 

16.2 Volume (m3) 
15.6 Weight (kg)  

$795 
l l O V ,  60 Hz, 300 wat t s  
0.319 
13.5 - 

10.0 
Coplexity of fro, user  survey 

10.0 R e l i a b i l i t y  
80.2 

USER REFERENCES 

(1) 4 y r  D r .  S.  G. Schulman 904/ 392-3370 
University of F lor ida  
College of Pharmacy 
Box 779 
Gainesvi l le ,  F lor ida  32610 

(2) 

*See point  system descr ip t ion .  



D- 16 7 Code No.. 164 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/~efraction/~efractometry 

VENDOR Pharmacia Fine Chemicals, Inc.  

Piscataway, New Jersey 

' INSTRUMENT D i f f e r e n t i a l  Refractometer 

MODEL OR CATALOG NO. 3oOL 

Points* Factor Spec i f ica t ions  

14.3 Cost 
19.7 Power required 
17.8 Volume (m3) 
18.3 Weight (kg) 

$2,359 
105-125 V ,  60 Hz, 17 wat t s  
0.013 
7.3 - - 

10.0 
Complexity of use 3 from user  survey 

19.0 R e l i a b i l i t y  
90.1 

USER REFERENCES 

C. A. Daniels,  M.D., Ph.D. 919/684-2129 
Duke University 
Department of Pathology 
Durham, North Carolina 27710 

*See point  system descr ip t ion .  



Code No.- 165 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIP'LE ~hotometric/~efracti~n/~e£ractometry 

VENDOR Bausch - & Lomb, Analyt ical  Systems Div. 

Rochester, New York 

' INSTRUMENT Abbe-3L Ref ractometer 

MODEL OR CATALOG NO. 33-45-71 

Points* Factor  Spec i f ica t ions  

16.4 Cost 
30.4 Power required 
17.1 Volume (n3) 
19.1 Weight ikg) 

$1,395 
115V, 50160 Hz, 3 wat ts  
0.015 
6.1 

USER REFERENCES 

Roger W. Reiman 216/682-0015, Fxt. 235 
The J. M. Smucker Co. 
Strawberry Lane. 
Or rv i l l e ,  Ohio 44667 

*See point  system descr ip t ion .  



Code No. 166 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Electrometric/Potentiometry -- 
VENDOR Environmental Sciences Assoc. Inc. 

Burlington, Massachusetts 

'INSTRUMENT Multiple Anodic Stripping - Analyzer 

MODEL OR CATALOG NO. 2014 -..- 

Points* Factor Specifications 

11.4 Cost 
15.9 Power required 
13.2 Volume (m3) 
15.7 Weight (kg) 

$5,950 
1101240 v, 50160 Hz, 40-30 watts 
0.043 
13.2 - 

10.0 Complexity of use 3 from user survey 
10.0 Reliability - 
76.2 

USER REFERENCES 

Nancy A. Shelhorse 8041441-2331 
Norfolk Health Lab 
401 Colley Avenue 
Norfolk, Virginia 23507 

*See point sys t tm description. 



Code No. 16 7 

COIIMERCIAL HARDWARE DESCRIPTION 

ASSAY P R I N C I P L E  Electrometric/Conductimetry - 
VENDOR Markson Science, Inc . 

Del Mar, California 

' INSTRUMENT Conductivity Analyzer 

MODEL GR CATALOG NO. 4402 

Points* Factor Specifications 

22-4 Cost $398 
22.0 Power required llOV, 50160 Hz, 11 watts 
17-8 Volume (m3) 0.013 
23.8 Weight (kg) 2.5 

. 10.0 
Of use 3 from user survey 10.0 Reliability 

106.0 

USER REFERENCES 

(1) 8 mo Dave Brookman 3041296-2554 
Borg Warner Chemicals 
P. 0. Box 816 . 

Morgantown, West Virglnia 26505 

%ee point system description. 



Code No. 168 

COMMERCIAL HARDWAKE DESCRIPTION 

ASSAY PRINCIPLE Electrometrf c/Conductildetry - 
VENDClR Micromeritics Instrument Corp. - 

Norcross, Georgia 

' INSrnuMENT Electrophol-tic Mass-Transport Analyzer 

MODEL OR CATALOG NO. 1202 

Points* Factor Specifications 

13.8 Cost 
12*6 Power required 
12.6 V o l u ~  (m3) 

$2, 790 
115V, 60 Hz, 100 watts 
0.051 

13.4 Weight (kg) 25.4 
10.0 Camlexitv of use, , 

USER !EFERENCES 

j rrom user survey 

Prof. F. B. Brien 206/543-2620 
University of Washington 
Division of Metallurgical Engineering 
Roberts Hall 
Seattle, Washington 98195 

*See point system description. 



D-i72 Code No. 169 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Electrometric/Conductimetry 

VENDOR Myron L. Co. - - 
Encinitas , California 

' 1 NSTRUMENT DS Meter 

MIDEL OR CATALOG NO. EP -- 

Points* Factor Specif icat ions 

26.5 Cost 
50.0 Power required 
33- ' Volume (m3) 

$203 
battery enclosed 
0.001 

35.7 Weight ikgj 0 .5  
10.0 

C041exity of 'lsel from user survey 
lo-0 Rel iabi l i ty  

lK5 

USER REFERENCES 

(1) 15 mo Terry G .  Kinner 7141487-3000, Ext . 321 
Burroughs Corp. 
16701 West brrnard Drive 
San 'liego, C a l i ~ o r n i  , 92127 

*Sea point system description. 



Cnde No. 170 

COWRCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~lectrometric/~onductirnetry 

VENDOR Wescan Instruments , Lnc. - 
Santa Clara, Cal i fnrn ia  

' INSTRUMENT - Conductivity Meter 

MO; 2, OR CATALOG NO. 210 with 219-200 c e l l  

Points* Factor Specif 1 cat ions 

19.0 Cost 
22.5 Power required 
21.6 Vbl (m3) 
24.1 We; :kg1 

$770 
;15V, 50160 Hz, 10 watts  
0.006 
2.4 - 

10.0 Compl2xity of use from user  survey 10.0 Rel i ab i l i t y  
107.2 

JSER REFERENCLS 

L. N. Lightfoot 608/262-64 4 o r  262- i8 
University of Wisconsin 
3018 Chemical Engineering Bldg. 
Madison, Wisconsin 53706 

*See point system descript ion.  



D-174 Code No. 171 - 
COMMERCIAL HAEWARE DESCRIPTION 

ASSAY PRINCIPLE ~ad iome t r i c /D i r ec t  Radiation Counting 

VENDOR Picker Corp. 

Cinci-nnati , Ohio 

' INSTRUMENT Labmonitor 

MODEL OR CATALOG NO. 642-081 

Points* Factor  Spec i f ica t ions  

21.7 Cost 
17 .4  Power required 
14.1 Volume (m3) 
19.2 Weight (kg) 

$450 
115V + 102, 60 112, 28 wa t t s  
0.033- 
5.9 - - 

C o m ~ l e x i t ~  of US' 1 free user  survey 
10.0 R e l i a b i l i t y  
92 .4  

USER REFERENCES 

L. D. McCreary 5131562-9508 
Proc te r  and Gamble Co. 
Box 39175 
Cincinnat i ,  Ohio 45239 

*See point  system descr ip t ion .  



D-175 Code No, 172 

COMMERCIAL HARDWAKE DESCRIPTION 

ASSAY PRINCIPLE ~adiometric/Gannna Spectrometry 

VENDOR -. The Nucleus Inc. 

Oak Ridge, Tennessee 

' INSTRUMENT Cl in i ca l  Spectrometer 

MOD= OR CATALOG NO. loo0 

Points* Factor Spec i f ica t ions  

15.0 Cost 
14.4 Power required 
15.8 Volume (m3) 
13.9 Weight (kg) 

$1,990 
115V, 50160 Hz, 60 wat t s  
0.021 
21.8 

10.0 Colnplexity of use 1 from user survey 
10.0 R e l i a b i l i t y  - 

USER REFERENCES 

Allen M. Webb 6151482-4939 
C l in i ca l  Laboratory Associates 
145 East Vance Road 
Oak Ridge, Tennessee 37830 

*See p u n t  sys tern descr ip t ion .  



Code No. 173 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Electronretric/Conductimetry 

VENDOR Amstro Corp. - 
Hackettstown, New Jersey 

' 1 NSTRUMENT Dissolved Solids Meter 

MODEL OR CATALOG NO. DS- 1 

Points* Factor Specif icat ions 
- 

26.7 Cost $198 
50-0 P o w e r   require^ battery enclosed 
33.7 Volume (m3) 0.001 
40-5 Weight (kg) 0 . 3  
10.0 Complexicy of use 

Rel iabi l i ty  
3 from user survey 

1 m  

ITSER REFERENCES 

Mike Hrivnak 2161581-3000 
Cleveland Cap Screw 
4444 Lee Road . 

Cleveland, Ohio 

*See point system description. 



D-177 Code No. 174 - 
C O ~ R C I A L  HARDWARE DESCRIPTIOY 

ASSAY PRINCIPLE Pattern Recognition Compr (Image Paalyzer) 

VENDOR Carl Zeiss, Inc. 

New York, New York 10018 

'INSTRUMENT Micro-Videomat 
7 

MODEL OR CATALOG NO. 47 76 00 

Pcints* Factor Specifications 

7.3 Cost 
7.1 Power required 
6 . 4  volume (m3) 

$35,000 
115V, 60 Hz, 1000 watts 
0.750 

9 .5  Weight (kg) 99.8 
10.0 Cowlexity of 3 from user survey 10.0 Reliability 
50.3 

USER REFEREXES 

(1) Users not completed 

*See point system description. 



Code No. 175 

COMMERCIAL HAKDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometr ic /~e fract ion /~ ight  Scatter 

VENDOR Monitor Technology, Inc. - 
Redwood City, California 

' INSTRWNT Laboratory Turbidimeter 

MODEL OR CATALOG NO, 150 

Points* Factor Specif icat ions 

19.6 Cost $675 
17.9 2wer required llOV, 60 Hz, 25 watts 
19.5 Voluw (m3) 0.009 
21.8 Weight (kg) 3.6 ( e s t . )  
10.0 Complexity of use 1 from user survey 10.0 Rel iabi l i ty  
98.8 

USER REFERENCES 

No users l is t  

*See point system iie cription. 



Code No, 176 

COMMERCIAL HARDWARE DESCP.IPTI0N 

ASSAY PRIIJCIPLE ~ h o t o m e t r i c / ~ l - o t o n  Counting 

VENDOR Ortec,  Inc. 

Oak Ridge, Tennessee 

' INSTRUMENT Photon Counting System 

MODEL OR CATALOG NO. 5C1 

Points* Factor Spec i f i ca t i ons  

11.1 Cost 
13.6 Power required 
13.3 Volume (m3) 

$6,405 
115V, 60 Hz, 75 wat ts  
0.041 

14m8 Weight (kg) 16.5 
10.0 Complexity of use 1 from user  survey 10.0 R e l i a b i l i t y  
72.8 

USER REFERENCES 

(1) No user  l ist  

*See point  system descr ip t ion .  



Code No. 177 

COIMERCIN. HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~ h o t o m e t r i c / P h o t o n  Counting 

VENDOR Or tec ,  inc.  

Oak Ridge, Tennessee 

INSTRUMENT Photon Counting Systcn 

M~~~~ OR NO, ( t y p i c a l  system based on 401A/402~ NIM-BIN) 

Points* Fac tor  S p e c i f i c a t i o n s  -- 
11.8 Cost $5,145 
12.8 Power requ i red  103-129 V, 50-65 Hz, 96 wat tc  
13.1  Volume (m3) 0.044 
1 2 - 6  Weight (kg) 31.8 
12.7 

COlnplexity Of use 3 from user  survey 20.6 R z l i a b i l i t y  
83.6 

USER REFERENCES 

(1) 2-1/2 John Kerins 201/ 757-0500 
Medi-Physics, Inc .  
900 Durham Avenue 
South P l a i r f  i e l d ,  New J e r s e y  08830 

(2) 5 yx D. Char les ton 3121947-5056 
Univers i ty  of Chicago 
950 East  59th S t r e e t  
Chicago, Ii: i n o i s  60637 

(3) 1 mo D r .  F. A. S r e r e  312/234-3100 
Lake Fores t  Col le te  
Lake Fores t ,  I l l i n o i s  60045 

*See p o i n t  system d e s c r i p t i o n .  



Code Nc.. 178 - 

ASSAY PRINCIPLE Photometric/Photon Counting 

VENDOR Ortec,  Inc. 

Oak Ridge, T e ~ ~ n e s s e e  

'INSTRUMENT Photon Counting System 

MODEL OR CATALOG NO, ( t yp i ca l  system based on 401Ml402M NIM-BIN) -- 

Points* Factor  Spec i f i ca t i ons  

13.2 Cost $3,290 
15.2 Power required 1151230 V ,  47-65 Hz, 48 wat ts  
14- 4 volume (m3) 0.030 
13.6 Weight (kg) 23.4 
10.0 Complexity of use 1 from user  survey 10.0 R e l i a b i l i t y  
?6.4 

US= REFERENCES 

COMMERCIAL FIARDWARE DESCRIPTION 

J. C. Widman 3131562-6000, Ext. 444 
Veterans Hospital  
Nuclear Med-kine 
Allen Park, Michigan fb8101 

*See point  system descr ip t ion .  



Code No. 179 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Rndiometric/Scintillation Counting 

VENDOR Ortec, Inc. 

Oak Ridge, Tennessee 

' INSTRUMENT Shielded Well Counting System 

MODEL OR CATALOG NO. 4801 

Points* Factor Specifications 

11.4 Cost 
l 2 o 6  Power required 
10.9 ~clume im3) 

$5,995 
1101220 V, 47-65 Hz, 100 watts 
0.092 

8.5 Weight ikgj 152.0 
10.0 

of use 3 from user survey 10.0 Reliability 
63? 4 

USER REFERENCES 

(1) U,;ers not completed 

*See point system description. 



D-183 Cade No. 180 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PXINCIPLE Photometric/Absorption/Ultraviolet 

VENDOR Altex Scientific, Inc. 

Berkeley, California 

' INSTRUMENT Biochemical UV Monitor 

MODEL OR CATALOG NO. 150-00 
7 

Points* Factor Specifications 

17.8 Cost 
14.4 Power required 
17.8 Volume (m3) 
18.8 Weight (kg) 

$995 
115/230 V, 50160 Hz, 60 watts 
0.013 
6.5 (est.) 

10.0 complexity of use  1 from user  survey 10.0 Reliability 
88.0 

USER REFERENCES 

(1) Users not completed 

%ee point system description. 



Code No, 181 

COMMERCIAL IlARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet 

VENDOR Altex Scientific 

Berkeley, California 

' INSTRUMENT Analytical UV Detector - 
MODEL OR CATALOG NO. 153-00 

Points* Factor Speciffeations 

16.4 Cost 
14.4 Power required 
17.8 Volume (m3) 
18.8 Yzipht  (kg) 

$1,395 
1151230 V, 50160 Hz, 60 watts 
0.013 
6.5 (est.) 

10.0 
Complexity of use j from user survey 10-0 Reliability 

87.4 

USER RSFERENCES 

Users not completed 

*See point sys tern description. 



D-185 Code No, 182 
,- 

C O W R C I A I ,  HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/~bsorption/Ultraviolet 

VENDOR International Light, Inc. - 
Newburyport, Massachusetts - 

'INSTRUMENT Dlgital Actinic Radiometer 

MODEL OR CATALOG NO. IL- 7 30 

Points* Factor Specifications 

16.5 Cost $1,344 
15.0 Power require? 1151230 V, 50!60 Hz (or 10-28 VDC), 
21.5 volume (m3) 0.006 (est.) 50 watts 
18-6 Weight (kg) 6.8 
10.0 Complexity cf use 
10.0 Reliability 1 from user survey 
91.6 

USER REI'ZRENCES 

Users not completed 

* S e e  point system description. 



Code No. 183 - 
COIIMERC 11% HARDWARE DESCRIPTION 

ASSAY PRIlJCIPLE PhotometriciAbsorption/Ultraviolec - 
VENDOR Perkin Elmer Corp. 

Norwaik, Connecticut 

'INSTRUMENT 402 W/VIS Spectrophotometer 

MODEL OR CATALOG NO. 492-0001 

.- --- - -. 

Points* Factor Specif icatl 7:- 

19.4 Cost 
10-0 Power required 

3 9.8 Volume ( m l  

$8,480 
l15V, 60 Hz, 250 warts 
0.1L" 

10.7 Weight (kg) 62.0 
10.0 Complexity o f  use 
1U.O Reliability 3 from user slirve!/ 
60.9 

USER REFER-EXCES 



Code No. 184 

COMMERCIAL HARDWARE DESLAIPTION 

ASSAY PXINCIPLE Photomet ric1Absorpt ion/Ult r av io l e t  

.yENDoR Rudolph Instruments Engineering Co., Inc. 

L i t t l e  F a l l s ,  New Jersey 

' INS' G -  'YENT Photometer 

HODEL OR CATALOG NO. 1114 

Points* Factor Spec i f ica t ions  

16-2 Cost $1,460 
15.0 Power required 95-130 V, 60 Hz, (es t . )  50 wat t s  
17- 1 Volume (m3) 0.015 
17-  2 Weight (kg) 9.3 
10.0 Complexity of use 
10.0 Reliability 

j from user  survey 

85.5 

USER REFERENCES 

(1) Users not  completed 

*See po in t  sys  tern descr ip t ion .  



D-188 Code No. 185 

COMMERCIAL HARDWARE DZSCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/~ltraviolet 

,yENDOR Sargent-Welch Scientific Co. 

Cincinnati, Ohio 

'INSTRUMENT Hi~achi 102 Spectrophotometer 

MODEL OR CATALOG NO. S-75616-20 

Points* Factor Specifications 

13.5 Cost 
11.6 Power required 
12.4 Volume (m3) 
13.8 Weight (kg) 

$2,990 
105-125 V, 50160 Hz, 140 watts 
0.054 
22.0 - - 

10-0 Complexity of Use 3 fro, ,,, 
10.0 Reliability - 
71.3 

USER REFERENCES 

No users list 

*See point system description. 



Code No. 186 

CO?IMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Ultravlolet 

.VENDOR Sargent-Welch Scientific Co. 

Cincinnati, Ohio 

' INSTRUMENT Hitachi 191 Spectrophotometer 

MODELORCATALOGNO. S-75618-35 

- - 

Points* Factor 

~~ - 

Specifications 

13.1 Cost 
11.6 Power required 
10.9 Volume (m3) 

$3,350 
105-125 V, 50160 Hz, 140 watts 
0.092 

12.4 Weight (kg) 34.0 - - 
10.0 Complexity of use user survey 
10.0 Reliability - 
68.0 

USER REFERENCES 

No users list 

*See point sys tern description. 



D-190 Code No. 187 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/Absorption/Visible 

,nmR Gilford Instrument Labs, Inc. 

Oberlin, Ohio 

' INSTRUMENT Electrophoresis Analyzer 

MODEL OR CATALOG NO. 3004 

Points* Factor Specifications 

11.0 Cost $6,740 
9.6 Power required 1151230 V +  IOX, 50160 Hz, 297 watts 
9 - 8  volume (m3) 0.142 
9-7 Weight (kg) 90.7 
10.0 

Of 1 from user survey 10.0 Reliability 
60.1 

USER REFERENCES 

(1) Users not completed 

*See point system description. 



' I -  ; & 

Code No.- 188 

COMMERCIAL .IARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Visible 

VENDOR Art ronix 11.s t rumen ta t ion 

St. Louis, Missouri 

' INSTRUMENT Isodensitometer 

MODEL OR CATALOG NO. 1705 

Points* Factor Specifications 

11.7 Cost $5,400 
15-0 Power required 115/230 V - + lo%, 50160 Hz, 50 watts 
l2-0 volume (m3) 0.063 
l3. Weight (kg) 23.2 
10.0 Complexity of use 
10.0 ) from user survey - Reliability 
72.4 

USER REFERENCES 

(1) No users list 

*See point system description. 



D-192 Code No. 189 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photomet ric/Absorption/Visible 

VENDOR Electro Optical Industries, Inc. 

Santa Barbara, California 

' INSTRUMENT Auto Ranging Photometer 

MODEL OR CATALOG NO. A 425 D 

Points* Factor Specifications 

16.1 Cost $1,500 
18-9 Power required 100/115/200/230 V, 50-400 Hz, 20 watts 
20-0 volume (m3) 0.008 
21.8 Weight (kg) 3.6 
10.0 Co~lexity of 3 from user survey 10.0 Reliabi l i ty  
96.8 

USER REFERENCES 

(1) No user l is t  

*See point system description. 



ASSAY PRINCIPLE 

Code No. 190 

COMMERCIAL HARDWARE DESCRIPTION 

,yENDOR Markson Science, Inc . 
D e l  Mar, California 

' INSTRUMENT Calorimeter 

MODEL OR CATALOG NO. 7452 

Points* Factor Specif icat ions 

31.6 cost  
30- 4 Power requirea 
33.7 Volume (m3) 

$100 
115V, 50160 Hz (or 6/12 VDC), 3 watts 
0.001 

30-8 Weight (kg) 0.9 
10.0 

Co~ lex i ty  3 from user survey 10.0 Rel iabi l i ty  
146.5 

USER REFERENCES 

Users not completed 

*See point sys tern description. 



Code No. 19 1 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Visible 

VENDOR G. K. Turner Assoc. 

Palo Alto, California - 
' INSTRUMENT Spectrophotometer 

MODEL OR CATALOG NO. 350-000 

Points* Factor Specifications 

19.2 Cost 
15.0 Power required 
15.1 Volume (m3) 
17.7 Weight (kg) 

$735 
100-130 V, 50/60 Hz, 50-30 watts 
0.025 
8.2 . . 

10.0 Complexlty of use 
10.0 Reliability 3 from user survey - 
87.0 

USER REFERENCES 

(1) No user list 

*See point sys tern description. 



Code No. 19 2 

COMMERCIAt HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photomet ric/Absorp t ion /Vis ib le  

Vactec, Inc. 

Maryland Heights, Missouri 

' INSTRUMENT Portable  Photometer 

MODEL OR CATALOG NO. 
3107 with 3109 probe 

Points* Factor  Spec i f ica t ions  

23-0 Cost $359 
*Io5 Power required 115V, 50/60 Hz, 12 wat t s  (or  i n t e r n a l  
2206  volume (m3) 0.005 b a t t e r i e s )  
25*2 Weight (kg) 2.0 
10.0 

Coqlexity fro, me, s,,,,y 
1°*0 R e l i a b i l i t y  1m 

USER REFERENCES 

(1) No user list 

*See point  sys  tern descr ip t ion .  



Code No. 19 3 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Emiasion/Fluorometry 

VENDOR American Instru~ent Co. 

Silver Spring, Maryland 

' INSTRUMENT Fluoro-Monitor 

MODEL OR CATALOG NO. 54-7461 

Points* Factor Specifications 

16-4 Cost 
12-6 P w e r  required 
18.1 volume (ID?) 

$1,375 
135V, 60 Hz, 100 watts 
0.012 

18.6 Weight ikgj 6.8 
10.0 

Co*lexity Of use 1 from user survey 10.0 ReLiability 
85.7 

USW. REFERENCES 

(1) Users not completed 

*See point sys tern description. 



Code No. 194 

COWRCIAt HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/Emission/Fluorometry 
,,--.- 

VENDOR 6.  K. Turner Assoc. - 
Palo Alto, California 

' INSTRUMENT Spectrof l u romt r r  

MODEL OR CATALOG NO. 430-000 

Points* Factor Specifications 

12.6 Cost 
9*3  Power required 

11.8 volume (m3) 

$3,990 
105-130 V, 48-65 Hz, 340 watts 
0.066 

12.4 Weight ikgj 34.5 
10.0 
10.0 Co~lexity from user survey - Reliabi l i ty  
66.1 

USER REFERENCES 

No user list 

*See point system de~c r ip t i on .  



Code No. 195 

COMMERCIAL HARDWARE DESCRfPTION 

ASSAY PRINCIPLE Photometric/Emission/Flt~orometry - 
VENDOR Baird-Atomic 

Bedzord, Massachusetts 

'INSTRUMENT Fluoripoint FP-100 Spectrofluoronteter 

HODEL OR CATUOC NO. 053687 

Pointrr* Factor Specif icat ions 

13.6 Coat 
6.9 Power required 

10.6 Volume (m3) 
10.7 Weight (kg) 

$2,950 
llOV, 60 Hz, 1150 watts 
0.103 
61.7 - - 

l o - 0  
C o v l e x i t y  of use]  from wer survey 10.0 Rel iabi l i ty  

61.8 

USER REFERENCES 

Users not completed 

*See point system description. 



D- 199 Code No. 196 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPl-Z ~lectrometric/Conductimetry - 
VENDOR Beckman Instruments, Inc., Cedar Grove Operations 

Cedar Grove, New Jersey 

' INSTRUMENT Conductivity b. Ldge 

RC- 18A MODEL OR CATALOG NO. 

Points* Factor Specifications 

15.0 Coat 
15.0 Power required 
13.8 Volume (m3) 

$i,971 
1151230 V, 50160 Hz, 50 watts 
0.036 

15.0 Weight iksj 15.9 
10.0 

Cornplexity Of use 1 from user survey 10.0 Reliability 
78.8 

USER REFERENCES 

(1) No user list 

*See point system description. 



D-200 Code No. 19 7 
. i 

COMIERCIAL HARDWARE DESCRIPTION 1 

ASSAY PRINCIPLE Electrometric/Conductimetry 
, 

,VENM)R Beckman Instruments, Inc . , Cedar Grove Operations - .  

Cedar Grove. New Jersey 

' INSTRUMENT Conductivity Bridge 

MODEL OR CATALOG NO. RC-19 

Points* Factor Specifications 

17-6 Cost $1,053 
33-6 Power required 1151230 V, 50160 Hz, 2 watts (or 
18.1 Volume (m3) 0.012 internal battery) 
20.6 Weight (kg) 4.5 
10.0 

Coqlexity of from user survey 10.0 Rella5ility 
109.9 

USER REFERENCES 

(1) No user list 

*See point system description. 



Code No. 19 8 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~lectrometric/Potentiometry 

VENDOR Honeywell, Inc. 

Fort Washington, Pennsylvania 

' INSTRUMENT Conductivity Signal Conditioner 

MODEL OR CATALOG NO. 552022 

Points* Factor Specifications 

19.3 Cbst $714 
20.3 Power required 100-130 V, 5G/60 Hz 2 lo%, 15 watts 
18.5 volume (m3) 0.011 
21.8 Weight (kg) 3.6 
10.0 

Of use 1 from user survey 10.0 Reliability 
99.9 

USER REFERENCES 

Users not completed 

*See point system description. 



D-202 (.ode No. 199 

COIIERCIAL HARDWARE DESCRII TI ON 

ASSAY PRINCIPLE Photography 

,mNDOR Nikon, Inc. 

Garden City, New York 

' INSTRUMENT Nikon 35-mm Camera 

MODEL OR CATALOG NO. F2 motor-drive camera with 250-exposure back and 

55-nrm Micro-Nikor PIC lens  and r ing  

Points* Factor Specif icat ions 

14.6 Cost 
50.0 Power required 
25-6 volume (m3i 

$2,167 
in te rna l  ba t tery  
0.003 

27-1 Weight ikgj 1.5 
10.0 

Coaplexity of use 1 from user survey 
Re l i ab i l i ty  

153  

USER REFERENCES 

No user list 

*See point system description. 



D-203 Code No. 200 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~lectrometric/~otentiometry 

.nmR Brinkmann I;-s truments 

Westbury, New York 

' INSTI(UMEBT Metrohm End-Point Titrator 

MODEL OR CATALOG SO. E526 

Points* Factor Specifications 

5 . 3  Cost 
18.9 Power required 
18.1 volume (m3) 
20- 8 Weight (kg) 

$1,830 
117V, 60 Hz, 20 wattL 
0.012 
4.3 - - 

10.0 COmplexity Of 1 from user survey 10.0 Reliability 
93.1 

USER REFERENCES 

No user list 

*See point system description. 



D-204 Code No. 201 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Pho tometricl~ef raction/Nephelometry 

VENDOR Monitor Technology, Inc. 

Redwood City, California 

' 1 NSTRUMENT Slip-Stream Turbidimeter 

MODEL OR CATALOG NO. 160 1131 

Points* Factor Specifications 

17.8 Cost 
17-1 Power required 
16.6 Volume (m3) 
17.3 Weight (kg) 

$9 85 
1101220 V, 50160 Hz, 30 watts 
0.017 
9.1 ( e s t . )  

10.0 
10.0 Reliability 

USER REFERENCES 

No user list 

*See point system description. 



D- 205 Code No. 202 

COkMERCIAL PARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~otometric/Emlssion/~luorometry 

.yk.IDOR G.  K. Turner Assoc. 

Palo Alto, CaliIornia 

" INSTRUMENT Filter Fluorometer - 
MODEL OR CATALOG NO. 111-000 

Points* Factor Specifications -- 
15.5 Cost $1,735 
11.4 Power required 117V, 60 Hz, 150 watts 
14.5 volume (m3) 0.029 
14.6 Weight (kg) 17.7 
10.0 Comple-xity of use7 

f user survey 10.0 - Reliability ; 
76.0 

USER EFEREYCES 

No user list 

' ;ee point sys tern description. 



D-206 Code No. 2203 

C0FlMERCIA.L HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Emissia.~!Fluoromet ry 

VENDOR G .  K.  Turner Assoc. 

Palo Alto, California 

' f NSTRUMENT Spectrof luorometer 

MODEL OR CATALOG NO. 210-0000 

Points* 

- - -  

Factor Specifications 

7.9 Cost $25,950 
8 .1  Power required 118V, 60 Hz, 590 watts 
8.4 Volume (m3) 0.262 
8.9 Weight (kg) 136.1 

10.0 Covlexfty of Use fro, ,,, survey 
10.0 - Reliability 

USER REFERENCES 

No user list 

*See point sys tern description. 



D-207 Code No. 204 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Emission/Fluorometry 

VENDOR Farrand Optical  Co., Inc. 

Valhalla,  New York 

' INSTRUMENT Manual Spectrof luorometer 

MODEL OR CATALOG NO. 135800 

Points* Factor  Spec i f ica t ions  

12.3 Cost $4,400 
8.9 Power required 115V, 50160 Hz, 403 wat t s  
9.7 Volume (m3) 0.144 

11.1 Weight (kg) 54.0 
10.0 Complexity of use 
10.0 3 from user  survey - R e l i a b i l i t y  

USER REFERENCES 

(1) NO user  l is t  

*See point  system descr ip t ion .  



D-208 Code No._ 205 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/~mission/Fluorometry 

VENDOR Farrand Optical Co., Inc. 

Valhalla, New York 

' INSTRUMENT Ratio Fluorometer-2 

MODEL OR CATALOG NO. 143370 

Points* Factor Specifications 

14.0 Cost $2,600 
11.0 Power required 115V, 60 Hz, 173 watts 
13.7 volume (m3) 0.037 
14.2 Weight (kg) 19.7 
10.0 ~omlilexit; of use 
10.0 3 from user survey - Reliability 
72.9 

USER REFERENCES 

(1) No user list 

*See point system description. 



D- 209 Code No. 206 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE photome tric/~mission/~luorometry 

VENDOR Farrand Optical Co., Inc. 

Valhalla, - New York 

' INSTRUMENT MK 1 Spectrofluorometer 

MODEL OR CATALOG NO. 129800 

Points* Factor Specifications 

11.2 Cost $6,300 
8.9 Power required 115V, 50/60 Hz, 403 watts 
10.3 volume (m3) 0.117 
10.5 Weight (kg) 67.1 
10.0 
10.0 Cowlexity of 'lSe 3 from us,, survey -- Reliability 
60.9 

USER REFERENCES 

No user list 

*See point system description. 



D-210 Code No. 207 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE P a r t i c l e  Counting (general) 

VENDOR Nuclear Data, Inc. 

Schaumburg, I l l i n o i s  

' INSTRUMENT ND 100 Multichannel Analyzer System 

MODEL OR CATALOG NO, 88-0551 with 84-0215 memory 

- -- - 

Points* Factor 

- -- 

Speci f ica t ions  

10.7 Cost $7,500 
10.6 Power required 1151230 V,  50160 Hz, 200 wat t s  
11.5 volume (m3) 0.075 
13.1 Weight (kg) 27.2 
10.0 
10.0 - Complexity Of use 1 from user  survey 

R e l i a b i l i t y  
65.9 

USER REFERENCES 

(1) NO user  list 

*See point  system descript ion.  



D-211 CodeNo. 200 

COMMERCIAL HARDWARE D1;SCRIPTION 

ASSAY PRINCIPLE Particle Counting (gefieral) 

VENDOR Nuclear Data, Inc. 

Schaumburg, Illinois 

' INSTRUMENT W 5 5 5  Multichannel Analyzer 

MODEL OR CATALOG NO. 88'0319 

Points* Factor Specif ic-ationo 

14.1 Cost $2,495 
23.1 Power required 6/12 VDC, 9-6 watts 
20.7 ~ o l u m  (m3) 0.007 
21.1 Weight (kg) 4.1 
10.0 
10.0 

coG1exity of 3 from user survey - Reliability 
99 .O 

USER REFERENCES 

No user list 

*See point system description. 



D-212 Code No. 209 

COMMERCIAL W.RDWARE DESCRIPTION 

ASSAY PRINCIPLE P a r t i c l e  Counting (general)  

VENDOR Nuclear Data Inc. 

Schaumburg, I l l i n o i s  

'INSTRUMENT ND-1201 Multichannel Analyzer -- 
~ D E L  OR U T ~ ~ O C  NO. 88-0552 with 84-0206 memory 

Points* Factor Spec i f ica t ions  

12.0 Cost $4,800 
8.4 Power required 1151230 V ,  50160 Hz, 500 wat t s  

13.0 Volume (m3) 0.045 
13.7 Weight (kg) 22.7 
10.0 
10.0 

Co~lex i ty  Of use 3 from user  survey - R e l i a b i l i t y  
67.1 

USER REFERENCES 

No user  list 

*See poin t  system descr ip t ion .  



D-213 Code No. 210 -- 
COMMERCIAL HARDWAGE LESCRIPTION 

ASS1.i' 3RINCIPLE ~adiometric/Scintillation Counting 

VENDOR Abbott Laboratories, Diagnostics Div. - -- 
North Chicago, I l l i n o i s  

' f NSTRUMENT Logic 111 M with Auto Logic 100 saaple changer 

MODEL OR CATALOG NO. 7408-03 

Poinis* Factor Spacif ications 

10.8 Cost $7,385 
9 .2  Power required 100/117/230 V, 50/60 Hz, 351 watts 

11.0 Volume (m3) 0.089 

10.0 complexit; of use 
10.0 1 from user survey - Reliability 
61.1 

USEP. REFERENCES 

(1) NO user l i s t  

*See point system description. 



CodeNo. 211 

COtiMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Radiometric/Scintillation Counting 

VENDOR Beckman i'nstruments, Inc. 

Irvine , Cal! f ornia 

'INSTRUMENT Liquid Scintillation System 

MODEL OR CATALOG NO. LS-lOOC 

Points* Factc? Specifications 

10.3 Cost 
8.4 Power required 
6.6 volume (m3) 

$8,800 
115V, 50/60 Hz, 520 watts 
0.693 

7.4 Weight (kg) 270. U - - 
10.0 Com~loxity of use 1 from survey 
10.0 - Reliability 
52.7 

USER REFEREXES 

(1) No user list 

*See point system descrip -n. 



D-215 CodeNo. 212 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Electrornetric/Conductimetry - 
VENDOR Tri-R Instruments 

Rockville Center, New York 

'INSTRUMENT D I G 1  610 D i g i t a l  Meter with Conductivity Plug-in 

LF 610E (10010 with 30010) 
MODEL OR CATALOG NO. 

Points* Factor Spec i f ica t ions  

14.7 Cost $2,120 
14.4 Power required 110V, 50160 Hz, 60 wat t s  
19.0 volume (m3) 0.010 
20.1 Wsight (kg) 5.0 
10.0 Complexity of use 
10.0 R e l i a b i l i t y  1 from user  survey 

88.2 

USER REFERENCES 

(1) No user  l is t  

*See poin t  system descr ip t ion .  



D-216 CodeNo. 213 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Electrometric/Conductimetry 

VENDOR Leeds and Northrup Co. 

North Wales, Pennsylvania 

'INSTRWENT _ E l e c t r o l y t i c  Conductivity Monitor 

MODEL OR CATALOG NO. 7070 

- 

Points* Factor  

- - .  

Specif l c a t i o n s  

22.1 Cost $416 
21.5 Power required 120V, 60 Hz, 1 2  wat t s  
17.4 volume (m3) 0.014 
17.3 Weight (kg) 9 .1  
10.0 Complexity of use 
10.0 from user  survey - R e l i a b i l i t y  
98.3 

USER REFERENCES 

(1) No user  l ist  

*See poin t  sys tern descr ip t ion .  



D-217 Code No. 214 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Ultraviolet 

VENDOR Beckman Instruments 

Irvine, California - 
'INSTRUMENT Spectrophotometer 26 - 
MODEL OR CATALOG NO. 132600 

Points* Factor Specifications 

11.7 Cost $5,300 
9.6 Power required 1151230 V, 50160 Hz, 300 watts 
11.0 Volume (m3) 0.088 
12.6 Weight (kg) 31.8 - - ~ 

10.0 
Co~lexity from user survey 

10.0 Reliability 
64.9 

USER REFERENCES 

New instrument - no users available 

*See point system description. 



COMMERCI.4L IlilRDWARE DESCRIPTION 

ASSAY PRINCIPLE Radiometric/Scintillation Counting 

VENDOR Abbot t Laboratories, Diagnostics Divfs ion 

North Chicago, Illinois 

'INSTRUMENT Auto Logic ScinCillation System 

M6DET. OR CATALOG NO. 121 

Points* Factor Specifications 
- 

10.9 Cost $6,990 
9.2 Power required 100/117/230 V, 50160 Hz, 350 watts 
11.0 volume (m3) 0.089 
10.0 Weight (kg) 81.6 (est.) 
10.0 Complexity of use 
10.0 Reliability from user survey 
61.1 

USER REFERENCES 

(1) No users list 

*See point system description. 



D-219 Code No. 216 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Radiometric/Scintillation Counting 

VENDOR Searle Analytic, Inc. 

Des Plaines , Illillois 

' INSTRUMENT Delta 300 Liquid Scintillation System 

MODEL OR CATALOG NO. 689 

Points* Factor Specifications 

10.0 Cost 
9.6 Power required 
7.3 Volume (m3) 

$10,00Q (est . ) 
115 + 10 V, 50160 Hz, 300 watts 
0.456 

7.7 Weight (kg) 226.8 
10.0 Complexity of use 
10.0 from user survey - Reliability 
54.6 

USER REFERENCES 

No users list 

*See point system description. 



D-220 Code No. 217 

COElMERCIAL HARD'AARE DESCRIPTION 

ASSAY PRINCIPLE Radiometric/Scintillation Counting 

VENDOR Searle Analytic, I m .  

Des Plaines. Illinois 

' INSTRUMENT Liquid Scintillation Counter 

MODEL OR CATALOG NO. Mark I1 

Points* Factor Specifications 

8.4 Cost $20,000 (est.) 
5.6 Power required 115 + 10 V, 60 Hz, 2500-1000 watts 
5.6 Volume (m3) 1.319 
7.0 Weight (kg) 344.7 

10.0 complexity of use 
10.0 3 from user survey - Reliability 
46.6 

USER REFERENCES 

(1) No users list 

*See point system description. 



Code No. 218 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Radiornetric/Scintillation Counting 

VENDOR Sear le  Analytic,  Inc. - 
Des Plaines ,  I l l i n o i s  

' INSTRUMENT Liquid S c i n t i l l a t i o n  Counter 

MODEL OR CATALOG NO. Mark 111 

Points* Factor  Spec i f ica t ions  

7.6 Cost 
5.4 Power required 
5.4 volume (m3) 

$30,000 ( e s t . )  
115V, 60 Hz, 3000-1200 wat t s  
1.555 

6.5 Weight (kg) 450.0 
10.0 
10.0 of use 1 f m m  user  survey 

R e l i a b i l i t y  
44.9 

USER REFEXENCES 

No user 1i::t 

*See point  sys  tern descr ip t ion .  



&222 Code No. 219 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Enzymatic/Chromogenic 

VENDOR Abbot t Laboratories, Diagnostics D i - I .  

Montrtal, Quebec, Canada 

'INSTRUMENT Biochromatic Analyzer 

MODEL OR CATALOG NO. ABA- 50 

Points* Factor Specifications 

10.0 Cost $9,910 
11.9 Power required 115 + 10 V, 60 Hz, 127 watts 
11.0 volume (m3) 0.08F 
11.7 Weight (kg) 43.1 

- 
10.0 
10.0 Complexity Reliabili t~ of use 1 from user survey 

USER REFERENCES 

No user list 

+See point system description. 



Code No. 220 

COFIMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Radiometric/Scintillation Counting 

VENDOR Dade Division, American Hospital Supply Corp. 

Miami, Florida 

' INSTRUMENT Iso-Lect Well Counter 

MODEL OR CATALOG NO. B 5627-1 

Points* Factor Specifications 

13.6 Cost $2,950 
18.1 Power required 120V, 60 Hz, 24 watts 
14.1 volume (m3) 0.033 
14.1 Weight (kg) 20.4 
10.0 Complexity of use 
10.0 3 from user survey - Reliability 
79.9 

USER REFERENCES 

(1) No users list 

*See point system description. 



D-224 Code No.. 221 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Electrometric/Potentiometry 

VENDOR Beckman Instruments, Inc. 

Irvine, California 

' INSTRUMENT 4500 pH meter 

MODEL OR CATALOG NO. 123603 

Points* Factor Specifications 

18.0 Cost $950 
13.6 Power required 115V, 60 Hz, 75 watts 
18.1 volume (m3) 0.012 
19 4 Weight (kg) 5.7 
10.0 
- Use)  from user .u,,y 
10.0 Reliability 
89.1 

USER REFERENCES 

(1) NO users list 

*See point system description. 



~ 2 2 5  Code No. 222 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/~bsorption/U~traviolet 
? T 

VENDOR Beckman Instruments, Inc. 

Irvine. California 92664 

I 

i .., ' INSTRUMENT W Spectrophotometer 25 
r ! 

MODEL OR CATALOG NO. 133101Y 

Points* Factor Specifications 
-7 

12.0 Cost 
9.6 Power required 
11.0 volume (m3) 

$4,785 
1151230 V 2 lo%, 50/60 Hz, 300 watts 
0.088 

12.6 Weight (kg) 31.8 
18.6 
17.3 -- coG1exity of use) from user survey 

Reliability 
81.1 

USER REFERENCES 

Harry Grzeskowick 614/889-3333 
Ashland CHemical Co. 
520C Blazer Parkway 
Dublin, Ohio 43017 

Dr. Robcrt Mayer 614/L22-1572 
The Ohio State University 
Johnson Laboratory, Department of Chemistry 
140 Wcst 18th Avenue 
Columbus, Ohio 432.3 

Dr. Randy Shull 614/422-1982 
The Ohio Scate University 
Genetics Department, 1735 Neal Avenue 
CO~U&US, or1i0 43210 

*See point sys tern description. 



ASSAY PRINCIPLE 

D-226 Code No. 223 

COMMERCIAL HARDWARE DESC.7IPTlON 

VENDOR E. Le i t z ,  Inc. 

Rockleigh, New Jersey - 
'INSTRUMENT 340-800 Photometer 

MODEL OR CATALOG NO. 92300 

- - - - ~- - -- 

Poinro * Factor Spec i f ica t ions  

13.6 Cost $675 
15.0 Power required 115V, 60 Hz, 50-30 wat ts  
16.9 Volume (m3) 0.015 
16.9 Weight (kg) 10.0 
10.0 
10.0 use 1 from user survey - R e l i a b i l i t y  
88.4 

USER REFERENCES 

No user list 

*See point  system descr ip t ion .  



~ 2 2 7  Code No. 224 

CONMERCIAL 'IARDWARE DESCRIPTION 

ASSAY P R I N C I P L E  Photometric/Absorpt .on/Visible 

VENDOR E.  Leitz,  Inc. 

Rockleigh, New Jersey 

' INSTRUFENT Photometer - - 
MIDEL OR CATALOG NO. 92320 

Points* Factor Specif icat ions 

22.1 Cost $419 
15.0 Power required 115V, 50 Hz, 50-30 watts 
16.9 volume (m3) 0 .  C16 
16.5 Weight (kg) 10.0 
10-0 Complexity of use 
10-C Rel iabi l i ty  3 from user surrey - 
90.9 

USER REFERENCES 

No user l ist 

*See point sys tern description. 



Code No. 225 

COFlMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Visible 

VENDOR Instrume~tation Laboratory, Inc. 

Lexington. Massachusetts 

' INSTRLWNT Densitomter - 
MODEL OR CATALOG NO. 377 

Points* Factor Specif icat ions 

12.2 Cost $4,500 
13.4 P w e r  required 100/115/220 V, 50160 Hz, 80 watts 
11.7 volume (m3) O . L  J 
13.0 Weight (kg) 28.0 - - 
10.3 C o m ~ l e x i t ~  of use f user 
10.0 - Rel iabi l i ty  
70.3 

USER REFERENCES 

No user list 

*See point system description. 



Code No. 226 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Enzyn?atic/Chromogenic 

VENDOR Instrumentation Laboratory, Inc. 

Lexington, Massachusetts 

' INSTRUMENT Clinicard System 120/60 

MODEL OR CATALOG NO, 368 

-- - --- - 

Points* Factor Specifications 

9.9 Cost $10,500 
8.4 Power required 100/120/230 V, 50/60 Hz, 500-350 watts 

11.3 volume (m3) 0.078 
12.5 Weight (kg) 33.0 
10.0 

Complexity of use) from user survey 10.0 Reliability 
62.1 

USER REFERENCES 

No user list 

*See point system description. 



-230 CodeNo. 227 

COMMERCIAL Ht'rADW.4RE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Refraction/Refractometry 

VENDOR COW-MAC Instrument Co. 

Madison, New Jersey 

' INSTRUMENT Christiansen Effect Detector 

MODEL OR CATALOG NO. 80-100 

- -- - - -- - - - - 

Points* Factor 

-- 

Specifications 

16.5 Cost 
10.6 Power required 
15.9 Volume (m3) 
24.4 Weight (kg) 

$1,360 
115/220 V, 50/60 Hz, 200 watts 
0.020 
2.3 

10.0 
10.0 

Co~lexity of use 1 from user purvey 
Reliability 

87.4 

USER REFERENCES 

No user list 

"See point system description. 



Code No. 228 

CO?PlERCIAL HARDWARE DESCRLFTIOY 

ASSAY PRINCIPLE ~lectrometric/Potentiometry 

VENDOR - Brinkmann Instruments, Inc. 
Westbury, New York 

INSTRUMENT Metrohm Multi-Titrator 

MODEL OR CATALOG NO. E 440 

Points* Factor Specifications 

8.4 Cost $20,000 (est.) 
10.6 Power required 1101220 V, 50 Hz (60 Hz opt .) , 200 watts 
7.3 volume (m3) 0.469 
8-4 Weight (kg) 160.0 

10.0 Complexity of use 
10.0 Reliability 3 from user survey - 
54.7 

USER REFERENCES 

(1) No user list 

+See point system description. 



Code No. 229 

CONMERCIIU. HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Blectrmetric/Conductimetry 

Myron L. Co. 

Encinitas, California 

' INSTRUMENT Conductivity Monitor 

MODEL OR CATALOG NO. 562 

Points* Factor Specifications 

28.6 Cost 
22.5 Power required 
28.4 Volume (m3) 

$150 
115V, 60 Hz, 10 watts 
0.002 

25.9 Weight (kg) 1.8 - - 
10.0 Complexity of use r,, 
10.0 Reliability 

USER REFERENCES 

Users not completed 

*See point system description. 



D-233 CodeNo. 230 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE - ~hotametric/Refraction/Nephelometry 
VENDOR Ecologic Instrument Corp . 

Bohemia, New York 

'INSTRUMENT Ecolab 104 Turbidimeter 

MODEL OR CATALOG NO. 104-001 

Points* Factor Specifications 

21.7 Cost 
17.5 Power required 
23.8 Volume (m3) 
24.4 Weight (kg) 

$450 
llOV, 50160 Hz (or internal batteries), 27 watts 
0.004 
2.3 

10.0 Complexity of use 
10.0 Reliability from user survey 

107.4 

USER REFERENCES 

No user list 

*See point sys tern description. 



Code No. 231 

COMMERCIAL Hi4RUW:lRE DESCRIPTION 

ASSAY PRINCIPLE Electrometric/Conductimetry 

VENDOR Ecologic Instrument Corp, 

Bohemia, Xew Y ork 

INSTRUMENT Ecolab 103 Conductivity Meter 

MODEL OR CATALOG NO. 5760-01-3 

Points* Factor Specifications 

24.5 Cost $275 
20.7 Power required llOV, 50160 Hz (or internal batteries), 14 watts 
21.5 Volume (m3) 0.006 
24.4 Weight (kg) 2.3 
10.0 Cornplexity Of 3 from user survey 10.0 Reliability 
111.1 

USER REFERENCES 

No 1iser list 

*See point system description. 



D-235 Code No. 232 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~adiometric/~cintillation Counting 

VENDOR Baird-Atomic 

Bed ford, Massachusetts 

' INSTRUMENT Nuclear Spectrometer - 
MODEL OR CATALOG NO. 985-30A 

Points* Factor Specifications 

12.8 Cost $3,750 
13.2 Power required 110V, 60 Hz, 85 watts 
14.4 Volume (m3) 0.030 
14.1 Weight (kg) 20.4 
10.0 Complexity of use 
10 0 3 from user survey 
A Reliability 
74.5 

USER REFERENCES 

Lawrence General Hospital 
1 General St. 
Lawrence, Massachusetts 

*See point system description. 



CodeNo. 233 

COIXERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Pattern Recognitign Computer 

VENDOR Image Analysing Computers, Inc. - 
Monsey, New York 

' 1 NSTRUMEiJT Pattern Recognition System 

MODEL OR CATALOG NO. Quantimet 720 

Points* Factor Specifications 

5.4 Cost 
5.6 Power required 
6.1 Volume (m3) 
7.2 Weight (kg) 

$120,950 
1101240V, 50160 Hz, 2550 watts 
0.919 
300.3 

1 0  Complexity of use f user survey 
10.0 - Reliability 
44.3 

USER REFERENCES 

(1) 2 Yr Prof. R. F . Sekerka 4121621-2600, x-641 
Carnegie-Mellon Univ. 
Science Hall 2323 
Pittsburgh, Pennsylvania 15213 

*See point sys tern description. 



Code No. 234 - 
COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Pattern Recognition Computer (Image Analysis) 

,mNDOR Image Analysing Computers, Inc . 
Monsey, New York 

' INSTRUMENT - Microdensitometer 

MODEL OR CATALOG NO. Quantime 720D 

Points* Factor Specifications 

6.1 Cost $74,070 
6.7 Power required 110/240V, 50160 Hz, 1300 watts 
6.5 volume (m3) 0.725 
8 .O Weight (kg) 202 .O 

10.0 cOmj+lexity f,, 
10.0 Reliability - 
47.3 

9SER REFERENCES 

Dr. Thomas R. Hakala 6121725-6767, x-6302 
University of Minnesota 
VA Hospital 
Minneapolis, Minnesota 55417 

*See point sys tern description. 



D-2 38 CodeNo, 235 

C O W R C I A L  HARDW.4RE CESCRIPTION 

ASSAY PRINCIPLE Pattern Recognition Comvuter (Image Analysis) 

VENDOR Image Analysing Computer, Inc. 

Monsey, New York - 
'INSTRUMENT Macrodensitometer 

MODEL OR CATUOG NO. Quantimet 720 D with Epidiascope 

Points* Factor Specifications 

6.5 Cost 
7.6 Power required 
6.9 volume (m3) 
9.0 Weig!lt (kg) 

$54,735 
110/240V, 50/60 Hz, 750 watts 
0.556 
122.0 

10.0 
10.0 Of use 3 from user survey Reliability 
50.0 

USER REFERENCES 

(1) NO user list 

*See point system description. 



CodeNo. 236 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/~bsorption/Infra-Red 

VENDOR Wilks Scientific Corp. 

South Norwalk. Connecticut 

' INSTRUMENT MIRAN-I Analyzer --. 

MODEL OR CATALOG NO. 5649 

Points* Factor Specifications 

.4 Cost $3,050 

.9 Power required 115/230V, 50/60 Hz, 25 watts 

.5 volume (m3) 0.009 
19.4 Weight (kg) 5.7 
10.0 Complexity of use 3 fr3m user survey 10,P Reliability 

USER REFERENCES 

No user list 

*See point system description. 



COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotjme~ric/~bsor~tion/VLsible 

VENDOR M i 1  l e t ron ,  Subsidiary of Capinter Inc. 

M t .  Vernon, New York - 
'INSTRUMENT -. Chran-@-Scope - 
mDEL OR cAT~~OG NO, with 6-inch F 3.8 l ens  

Points* Factor Spec i f ica t ions  - 
12.5 Cost $4,126 
15.9 Power required 115/230V, 50160 Hz, -0 wat t s  
13.5 volume (m3) 0.039 
15.6 Weight (kg) 13.8 
10.0 
LO.Q 

COmplexity use 3 from user survey 
R e l i a b i l i t y  

77.5 

USER REFERZNCES 

No user  l i s t  

*See point  sys  tern descr ipt ion.  



1)-241 Code No.- 238 - 
CO3MERClAL HARDWARE PESCRIPTZON 

ASSAY PRIIJCIPLE Electrometric/Potentiometry 

VENDOR The London Co. .- 

Cleveland, Ohio 44145 

'INSTRUMENT P o t e n t i m e t r i c  T i t .   tor 

MODEL OR CATALOG NO. TTT 2 

Points* Factor S?ecif i ca '  ions 

16.6 Cost 
23.8 Paver required 
17.1 volume (m3) 
19.3 Weight (kg) 

$?,320 
1151220V _9 15%, 50/60 Hz, 8 wat ts  
0.015 
5.8 - 

16.7 Conplexity of use 3 f ros survey 
20.1 R e l i a b i l i t y  - 

113.6 

USER REFERENCES 

D r .  S .  Moore 2011235-4350 
Hof fmann-La Roche 
Kingsland St .  . 
Nutley, New Jersey 07110 

D r .  Norbert W .  T i e t z  3121542-23kO 
M t .  S ina i  Hospital  Med. C t r .  
Univ. of Health Sci .  /Chicago Med. School 
Cal i fornia  Avenue a t  15th S t r ee t  
Chicago, Tl l ino5s 60608 

*Sre point  system descript ion.  



D-242 Code No. 239 

CObDlEi'\CTt\L BLIXDWXRE DESCRIPTION 

ASSAY PRINCIPLE Photometr?c/Refraction/Refractometr~ 

VENDOR International Micro-Optics 

Fairfield, - New Jersey 

' INSTRUMENT Pulfrich Refractometer 

MODEL OR CATLLOG NO. PR-2 

Points* Factor Specifications 

9.9 Cost 
7.6 Power required 
12.0 velum (m3) 
11.7 Weight (kg) 

$10,379 
220V, 50 Hz, 750-500 watts 
0.063 
43.5 

10.0 Corn~lexityofuse] fromusersurvey 
10.0 Reliability - 
61.2 

USER REFERENCES 

No uszr list 

*See point system description. 



D-243 Code No. 240 

COMKERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Enzvmaticall~ Ba_s_e_d/Chrmoxaic Substrate 

VENDOR LKB Instruments Inc. 

Rockville, Maryland 20852 

'INSTRUMENT Reaction Rate Analyzer 

MODEL OR CATALOG NO. 3600-5 

Points* Factor Specifications -- 
9.8 Cost $10,960 
10.3 Power required 115V _+ lo"/, 60 Hz, 230 watts 
3.9 Volume (m3) 0.219 
11.9 WeighL (kg) 39.9 
15.8 Complexity of use 
11 .o 3 from user survey - Reliability 
67.7 

USER REFERENCES 

B. Powers 9141967- 7800 
Union Carbide Corp. 
401 Thes. Fremd. Avenue 
Rye, New York 10580 

Dr. J. Karinattu 
St. Therese Hospital 
Waukegan, Illlnois 60085 

*See point system description. 



D-244 CodeNo. 241 

COEPERCIIU. HARDIJAPE DESCRIPTION 

ASSAY PRIWCXPLE Photometric/Ref raction/Nephelometry 

VENDOR Nissei Sangyo Instruments Inc. 

Mountain View, California 

' INSTRUMENT T M -  2020 Nephelometer 

MODEL OR CATALOG NO. 2020- 800 

Point,* Factor Specifications 

16.4 Cost 
22.5 Power required 
17.1 volume (m3) 
19.2 Weight (kg) 

$1,385 
115V, 501'60 az, 10 watts 
0.015 
6.0 

10.0 Complexity of Use 3 fro. user survey 
10.0 - Reliability 

USER REFERENCES 

No user list 

*See point system description. 



CodeNo. 242 

COPlbICJRCIkL Hi?RDWART: DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/Absorption/Visible 

VENDOR SHM Nuclear Corp. - 
Sunnyvdle, California 

' INSTRUMENT Film Densitometer 

MODEL OR CATALOG NO. None 

Points* Factor Specifications 

11.0 Cost $6,800 
12.6 Power required 115V, 60 Hz, 100 watts 
12.9 Volume(m3) 0.047 
15.6 Weight (kg) 13.6 
10.0 

Covlexity 3 from user survey 10.0 Reliability 
72.1 

USER REFERENCES 

No user list 

*See point system description. 



D-246 Code No. 243 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE RadiometricIX-Ray Fluorescence 

,WNDOR Princeton Gamma Tech - 
Princeton, New Jersey 

' INSTRUMENT Chemical Analyzer 

MODEL OR CATALOG NO. 100-2 

Points* Factor Specifications 

10.4 Cost $8,490 
12.2 Power required 105-125 V, 60 Hz, 115 watts 
13-8 volume (m3) 0.036 
15-0 Weight (kg) 16.0 
10.0 Complexity of use 
10.0 Reliability 3 from user survey 
71.4 

USER REFERENCES 

(1) NO user list 

*See point sys tern description. 



Code No. 244 

COElMERCIAL IIARDWARE DESCRIPTION 

ASSAY PRINCIPLE Radiometric/X-Ray Fluorescence 

VENDOR Princeton Gamma Tech 

Princeton, New Jersey 

' INSTRUMENT X-Ray Analyzer 

MODEL CATALOG NO. PGT 1000 

Points* Factor Specif icat ions 

9 .5  Cost 
8.4 Power required 
8 .2  volume (m3) 

10.0 Weight (kg) 

$12,000 
115V, 50160 Hz, 500 watts 
0.288 
79.4 

10.0 
10.0 Rei iabi l i ty  

USER REFERENCES 

No user list 

*See point system description. 



Code No. 245 

COENERCZAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE RadiometricIX-Ray Fluorescence 

VENDOR Princeton Gamma Tech 

Princeton, New Jersey 

INSTRUMENT PORTA-LAB 

MODEL OR CATALOG NO. , 

50 

Points* Factor Speci  Eicatiors 

11.1 Cost 
21.5 Power required 
19 .O ~ o l u n e  (1u3) 

$6,600 
105-125 V ,  60 Hz, 12 watts (also 
0.010 rechargeable battery) 

18.6 weight (kg j 6 . 8  
10.0 Coqlexity of 1 from user survey 
10.0 Rel iabi l i ty  
90.2 

USER REFERENCES 

No user llst 

*See pcint  sys tern description. 



D-249 Code No. 246 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Refraction/N~phelometry 

VENDOR Volu-Sol 

Las Vegas, Nevada 

' INSTRUMENT Nephelometer 

MODEL OR CATALOG NO, 300 

Points* Factor Specifications 
- 

20.2 Cost $595 
15-0 Powerrequired 110-130 V, 50160 Hz, 50 watts 
16-2 volume (m3) 0.019 
21.1 Weight (kg) 4.1 
15.8 

Cowlexity of use 3 from user survey 17.6 Reliability 
105.9 

USER REFERENCES 

(1) 1 Yr Eastern Medical Labs 6031224-5343 
85 South State 
Concord, New Hampshire 03301 

Polly Tilden 7021986-9943 
Reynolds Elec. & Eng. Co. 
P. 0. Box 301 
Mercury, Nevada 89023 

*See point system description. 



D-250 Code No. 247 

COMMERCIAL IURDWARE DESCRIPTION 

ASSAY PRINCIPLE RadiometricIX-Ray Fluorescence 

VENDOR Nuclear Semiconductor 

Menlo Park, California 

INSTRUMENT Spectrace --- 440 X-Ray Analyzer 

MODEL CATALOG NO. 

Points* Factor S2ecif ications - 
6.4 Cost 
16.6 Power required 
6.7 volume (m3) 
7.9 Weight (kg) 

$58,920 
llOV, 60 Hz, 34 watts 
0.636 
204.1 

C o ~ l e x i t ~  of use j from survey 15.5 Reliability 
62.8 

USER REFERENCES 

(1) 1 Yr E. R. Bechtel 6021356-7811 
Kennecott Copper Corp. 
Ray Mines Division 
Hayden, Arizona 85235 

David C. Wherry 608/ 836-6511 
Tracor Northern 
2551 West Beltline Highway 
Middleton, Wisconsin 53562 

Dr. Peter Kalina 
Sandoz AG, Werk Muttenz 
Rothausstrasse 61 
Schweizerhalle, Switzerland CH-4133 

*See point system description. 



Codc No. 248 

COE.PERCIAL HARDWARE DESCKLPTION 

ASSAY PRINCIPLE ~hotometric/~bsorption/Infrared ---- 

VENDOR Perkin-Elmer Corp. 

Norwalk, Connecticut 

' INSTRUMENT 735 Infrared Spectrophotometer - 
007-0206 MODEL OR CATALOG NO. 

Points* Factor Specffications - 

11.7 Cost $3,400 
12.6 Power required 105-125 V, 60 Hz, 100 watts 
10.9 volume (m3) 0.093 
12.1 Weight (kg) 38.0 
10.0 
10.0 of use 3 from uscr su rvey  Reliability 
67.3 

USER REFERENCES 

No user list 

*See point sys tern description. 



Code No. 249 

COMKEKCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometrl~/Emission/Fluorometry - ... - 
VENDOR Perkin-Elmer Corp, - 

Norwalk, Connecticut 

' INSTRUMENT Fluorescence Spectrophotorneter 

MODEX OR CATALOG NO. MPF-44 

Points* Factor Specifications 

9 . 4  Cost $12,500 
8 . 4  Powcr required 115/220 V ,  50160 Hz, 500 va t t s  
9 .6  V O ~ U W  (Ill3) 0.151 
9.9 Weight (kg) 85.0  

10.0 
10.0 - Of use 3 from user survey Rel iabi l i ty  
57.3 

USER REFERENCES 

(1) No user l i s t  

+See point  sys tern description. 



CodeNo. 250 

COFP&RCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE TPhotometric/Absorption/Ultraviolet 

VENDOR Perkin-Elmer Corp. - 
Norwalk, Connecticut - - 

' 1 NSTRUMENI Double-beam Double Wavelength W-Vis Spectrophotometer - 
MODEL OR CATALOG NO. - 356-0035 

Pointa* Factor Spec i f ica t ions  - 
8.7 Cost $17,000 
8.4 Power required l l O V ,  60 Hz, 500 wat t s  
7.3 Volume (m3) 0.456 
8.4 Weight (kg) 158.8 

10.0 
CO~lexi ty  from user  survey 10.0 R e l i a b i l i t y  

52.8 

USER REFbRENCES 

No user list 

*See point  system descr ip t ion .  



D-254 CodeNo. 251 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Absorption/Ultravioler - 
,mNDOR Philips Electronic Instruments 

Mount Vernon, New York 

' INSTRUMENT Ultraviolet Spectrophotmeter - 
MODEL OR CATALOG NO, SP- 1700A 

Points* Factor Specifications 

11,o Cost 
10,6 Power required 
9.7 Volume (m3) 
10.4 Weight (kg) 

$6,710 
1151230V 2 lo"/, 5~160 Hz, 200 watts 
0.145 
69.8 - 

10.0 ComP' 'xi'y of US' 3 from survey 
10.0 Reliability 
61.7 

USER REFERENCES 

No user list 

*See point system description. 



Code No. 252 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometrjcjAbsorption/Infrared 

,WLDOR Philips Electronic Instruments 

Mount Vernon, New York 

' INSTRUMENT Infrared Spectrophotaneter 

MODEL OR CATALOG NO, 8P 1100 

Points* Factor Specifications - -- . 
10.3 Cost 
12.6 Power required 
10.5 Volume (m3) 

$8,795 
110/240V, 50160 Hz, LOO watts 
0,107 

- 
10.0 

~ o ~ l e x i t ~  of US' 3 from user survey 
Reliability 

65.3 

USER REFERENCES 

No user list 

*See point sys tern description. 



Code No. 2 53 

CCtMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~hotometric/At sorption/Visible 

VENDOR Broamer Research Corp . 
Plainview, New York - 

' INSTRUMENT SCF-1 Scanning Spectrocolorimeter 

MODEL OR CATALOG NO. 5720 

Pointe* Factor Specifications 

15.0 Cost 
12.6 Parer required 
14.2 Volume (m3) 
15.6 Weight (kg! 

$1,995 
115V, 60 Hz, (est.) 100 watts 
0.032 
(est.) 13.6 

10.0 Complexity of use 
10.0 Reliability 1 from user survey - 

USER REFERENCES 

No user list 

*See point system description. 



P-257 Code No. 2.54 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~nzymatic/ATP Photometry 

VENDOR Lab-Line Instruments Inc. 

Melrose Park, Illinois 

' INSTRUMENT ATP Photometer 

MODEL OR CATALOG NO. 9140 

Points* Factor Specifications 

11.6 Cost $5,500 
16.4 Power requirec! 115/230V, 50/60 Hz, 35 watts 
17.4 Volume (m3) 0.014 
19.7 Weight (kg) 5.4 
10.0 Complexity of use 3 from user survey 10.0 Reliability 
85.1 

USER REFERENCES 

(1) Users not completed 

*See point system description. 



ASSAY 

CONMERCIAL HARDWARE DESCRIPTION 

,yENDOR Dow Diagnostics, The Dow Chemical Co. 

Indianapolis, Indiana 

' INSTRUMENT Enzyme Spectrophotometer 

MODEL OR CATALOG NO* 51791 

Points* Factor Specifications 

12.6 Cost 
12.6 Power required 
13.5 volume (m3) 

$3,995 
105-130V, 60 Hz, 100 watts 
0.039 

15.6 Weight (kg) 13.6 
10.0 
- Cow1exity 3 from user survey 10.0 Reliability 
74.3 

USER REFERENCES 

Users not completed 

*See point system description. 



Code No. 256 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE ~nzymatic/Chranogenic - 
VENDOR Gilford Instrument Labs., Inc. 

Oberlin, Ohio 
- 

'INSTRUMENT Computer Eirected Analyzer 

mDEL OR CATALOG NO. 3500 

Points* Factor Specif icat ions 

8.3 Cost 
8.5 Powerrequired 
7.5 volume (m3) 

$20,500 
105-125V, 60 Hz, 495 watts  
0.403 

8.9 Weight (kgj 130.6 
10.0 

of 3 from user survey 10.0 Rel iabi l i ty  

USER REFERENCES 

D r .  D. Buzzee 
St .  Elizabeth Hospital 
20th & Eastern Ave. 
Covington, Kentucky 41014 

*See point system description. 



Code No. 257 

COPlMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photography 

.WNDOR Charles A. Hulcher Co., Inc. - 
Hampton, Virginia 

' INSTRUMENT 70 nun Sequence Camera 

WDEL OR CATALOG NO. 108 

Points* Factor Specifications 

14.6 Cost 
12.1 Power required 
21.5 Volume (m3) 

$2,225 
24- 28C73C, 120- 70 watts 
0.006 

24.4 Weight (kg) 2.3 
10.0 complexity of use 
10.0 Reliability 3 from user survey 

USER REFERENCES 

Robert L. Kurtz 2051453-0941 
MSFC~NASA 
Huntsville, Alabama 35812 

*See point system description. 



Code No. 258 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photography 

VENDOR Instrumentation Marketing Corp . 
Burbank, California 

'INSTRUMENT Actionmaster 200 Miniature Cine Camera 

MODEL CR CATALOG NO. l6 mm-lVN-lOO 

Points* Factor Specifications 

15.7 Cost 
14.6 Power required 
33.7 Volume (m3) 

$1,650 
28VDC, 56 watts 
0.001 

32.8 Weight (kg) 0.7 - - 
10.0 Complexity of use 3 from user survey 10.0 Reliability 

USER REFERENCES 

1- 112 yr Mr. George D .  Wood 
HQ AAVS (MAC) , DODC 
Norton AFB 
San Bernardino, California 92409 

*See point system description. 



D-262 Code No. 2 59 

COPlMERCIAL HARDWP RE DESCRIPTION 

ASSAY PRINCIPLE Particle Count i a t r o - -  

VENDOR Clay Adams 

Parsippany, New Jersey 

' INSTRUMENT ACCU-STAT Blood Cell Counter 

MODEL OR CATALOG NO. 2401 - 

Points* Factor 

15.8 Cost 
20.3 Power reqyired 
14.7 Volume , 

$1,595 
95-135V, 60 Hz, 15 watts 
0.028 

19.2 Weight (kg) 6.0  - - 
10.0 

of from user survey Reliability 
90.0 

USER REFERENCES 

Users not completed 

*See point system description. 



Code No. 260 

C O W R C I A L  IItZRDWARE DESCRIPTION 

ASSAY PRINCIPLE Particle ~ounting/Electro-~onductimetric 

VENDOR General Science Corp. 

Bridgeport, Connecticut 

' INSTRUMENT MK-25/400 Haema-Count System 

MODEL OR CATALOG NO. 69108 

Points* Factor Specifications 

15.4 Cost 
17.1 Power required 
16.4 Volume (m3) 
19.7 Weight (kg) 

$1,795 
115V, 60 Hz, 30 watts 
0.018 
5 .4 

10.0 Complexityof use 
10.0 Reliability 

from user survey - 
88.6 

USER REFERENCES 

William K. Young Jr. 2021245- 1616 
U.S .P .H.S .  
PHs-OPC, 4th & C' S t . ,  S .  W. 
Washington, D. C. 20201 

*See point system description. 



COMMERCIAL HrIRDWARE DESCRIPTION 

ASSAY PRINC'iPLE Photometric/Refraction/Polarimetry 

VENDOR Polyscience Corp. 

Niles, Illinois 

' INSTRUMENT SR-5 Polarimeter 

MODEL OR CATALOG NO. 3-310410 with Sodium Lamp 3-350703 

Points* Factor Specifications 

17.5 Cost 
12.6 Parer required 
19.5 Volume (m3) 
18.8 Weight (kg) 

$1,073 
115V, 50160 Hz, 100 watts 
0.009 
6.5 

USER REFERENCES 

(1) 2 Yr Fred Cramer 6161343-2603 
A. M. Todd Co. 
1717 Douglas, Box 711 
Kalamazoo, Michigan 49005 

*See point system description. 



D-265 Code No. 262 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Refrection/Polarimetry 

VENDOR Perkin-Elmer Corp. 

Norwalk, Connecticut 

' INSTRUMENT Automation Polarimeter 

24 1 MODEL OR CATALOG NO, 

Points* Factor Spccif icaticns 

10.0 Cost 
9.2 Power required 
10.8 Volume (m3) 
11.3 Weight (kg) 

$9,940 
115/206/220/240V, 50160 Hz, 350 watts 
Q.095 
50.0 

10.0 ~orn~lcxityofuse 
10.0 Reliability 1 from user survey 

USER REFERENCES 

Users not completed 

&See point systpm description. 



D-266 Code No. 263 

CONMERCIAL HARDWARE DESCRIFTION 

ASSAY PRINCIPLE ~hotometric/Refraction/Polarimetr~ - 
VEAYDOR Process and Ins~ruments Corp. 

Brooklyn, New York 

' INSTRUMENT Digital Photoelectric --- Polarimeter 

MODEL OR CATALOG NO, A 

- -. 

Points* Factor Specifications 

15.6 Cost 
14.7 Power required 
15.1 volume (m3) 

$1,670 
115V, 60 Hz, 55 watts 
0.025 

16.5 Weight ikgj 10.8 
10.0 COrnplexity of 3 from user survey 10.0 Reliability 
81.9 

USER REFERENCES 

(1) Users not completed 

*See point system description. 



Code No, 264 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Refraction/Polarimetry 

VENDOR - Rudolph Instruments Engineering Co., Inc. 

Little Falls, New Jersey 

' INSTRUMENT Spectropolarimeter 

MODEL OR CATALOG NO. 52A5 

Points* Factor Specifications 

13.5 Cost 
12.6 Power required 
9.8 Volume (m3) 

$2,995 
115V, 60 Hz, 100 watts 
0.142 

16.4 Weight (kg) 11.3 - - 
10.0 Covlexity of Use] fro, us,, ,"r,,y 

Reliability 
72.3 

USER REFERENCES 

Users not completed 

*See point system description. 



D-268 Code No. 265 - 
COMMERCIAL RAKDWAKE DESCRIPTION 

ASSAY PRINCIPLE Photometric/Refraction/Polarimetry - 
VENDOR DuPont - -  Co., Instrument P-rlucss Div. - 

Wilmington, Delaware 

' INSTRUMENT - Split-Beam Process Polerimeter 

MODEL OR CATALOG NO. 402 

Points* Factor Specifications 

12.0 Coe t 
9.3 Powerrequired 
9.8 Volume (m3) 
9.2 Weight (.kg) 

$4,900 
95-130V, 60 Hz, 345 watts 
0.142 
113.4 

10.0 ~omilexity of use 
10.0 Reliability 3 from user survey 

60.3 

USER REFERENCES 

J. M. Vidito 317/261-5740 
Eli Lilly and Company 
P. 0. Box 618 . 
Indianapolis, Indiana 46206 

*See point system description. 



Code No. 2;6 

COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCTPLE Radiometric/Gme Spectrometry 

V E m R  Analytical Development Assoc. Corp. - 
Cupertino, California - 

' INSTRUMENT Multichannel SpectrometerjScaler 

MODEL OR CATALOG NO, MS1204 

Points* Factor Specifications 

13.0 Cost $3,500 
12.6 Power required 115V + lo%, 60 Hz, 100 vatta 
15.8 volume (m3) 0.021 
14.5 Weight (kg) 18.1 
i8.3 
19.0 

C o ~ l e x i t y  use : from user survey 
Reliability 

USER REFERENCES 

(1) 1 mo Mr. Gary Gallmore 2011775-5500 
Jersey Shore Medical Center, Nuclear Medicine Dept. 
1945 Carlies Ave; 
Neptune, New Jersey L 7 7 ' 3  

Richard Thomason 5131853-4175 
St. Francis Hospital, Nuclear Medicine Dept. 
1860 Queen City Avenue 
Cincinnati, Ohio 45214 

kSee point sys tern description. 



D-270 Code No. 267 -- 
COIlMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Ultrasonics -. 

VENDOR - Automation Industries, Inc., Sperry Div. 

Danbury, Connecticut - 
' INSTBL'MENT Reflectoscope 

HODL. OR CATALOG NO. UI*l 775 

Points* Factor Specifications 

13.4 Jost 
12.4 Power required 
13.5 ~011. 'm3) 
15.6 Weib i g )  

$3,! 20 
SO-I~OV, 50160 HZ, 110 watts 
0.039 
13.6 

10.0 Comp1e:city of use 
10.0 

3 from user survey - Reliability 
74.9 

2SER REFERENCES 

No us2r list 

*See 2oint sys tern description. 



COMMERCIAL HARDWARE DESCRIPTION 

ASSAY PRINCIPLE Ultrasonics 

.rnNDOR Automation Industries, Inc., Sperry Div. 

Danbury, Connecticut 

' INSTRUhENT Ultrasonic Reflectoscope 

HOD= OR CATALOG NO. UJ 

Points* Factor Specifications 

14.0 Cost 
28.3 P w e r  required 
20.1 volume (m3) 

$2,680 
115V, 50160 Hz, 4 watts 
0.008 

19 7 Weight (kg) 5.4 
10.0 

Co*lexity Of from user survey 
Reliability 

102.1 

USER REFERENCES 

No user list 

*See point sys tern description. 



PRINCIPLE 

COMMERCIAL HARDWARE DESCRIPTION 

RadiometricIX-Ray Fluorescence 

- Philips Electroqic Inc. 

Prairie View. Illinois 

'INSTRUMENT X-Ray Fluorescence System 

MODEL OR CATALOG NO. EXAM IV 

Peintm* Factor Specifications - 
6.8 Cost 
4.6 Power required 
6.2 Volume (m3) 
6.2  Weight (kg) 

$45,000 (est.) 
175-265V, 50160 Hz, 5500 watts 
0.885 
553.4 

10.0 Co*lexityof use] fro ,,,,, 
Reliability 

USER REFERENCES 

No user list 

*See point sys tern description. 



D-273 Code No. 270 

COMMERCIAL HARDWARE DESCKLPTION 

ASSAY PRINCIPLE ~hotometric/Absorption/Visible 

VENDOR General Medical Systems, Inc. 

Garland, Texas 

' INSTRWN 2 Chemi- Compu tron 

MODEL OR CATALOG NO, 2200 

Points* Factor Specifications 

10.7 Cost 
11.6 Power required 
14.0 Volume (m3) 
15.0 Weight (kg) 

$7,500 
115/220V, 50160 Hz, 1 4 ~  watts 
0.034 
15.9 - 

10.0 Reliability 
71.3 

USER REFERENCES 

No user list 

*See point sys tern description. 



Code No. 271 

Cot VERCIN, BAPDWARE DESCRIPTION 

ASSAY PRINCIPLE Radiometric/Scintillation -- Cou~itin~ 

VENDOR General Medical Systems, Inc. 

Garland, Texas 

' INSTRUMENT Iso- Computron 

MODEL OR CATALOG NO. 1200 

Points* Factor Spcsifications 

13.5 Cost 
15.0 Pow2r required 
13.5 Volume (m3) 
14.1 Weight (kg) 

$3,000 
115/220V, '0160 l lz ,  50 watts 
0.039 
20.4 

10.0 Co~plcxity of U ~ L  ,-.' 1 from U S C ~  survcy 
10.0 Reliability 

USER REFEREKES 

No user list 

*See point system description. 
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